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An Overview of Environmental Biotechnology 
 
Terry C. Hazen, Lawrence Berkeley National Laboratory, MS 70A-3317, One Cyclotron Rd., Berkeley, CA  
94720, Tel: 510-486-6223, Fax: 510-4867152  
 
Environmental biotechnology encompasses a wide range of characterization, monitoring and control or 
remediation technologies that are based on biological processes.  Recent breakthroughs in our 
understanding of biogeochemical processes are leading to exciting new and cost effective ways to monitor 
and manipulate the environment.  Bioremediation has proven to be one of the most cost effective and 
environmentally sound remediation technologies available at sites where it will work.  Though not a “new” 
technology, given that petroleum land farming is about 50 years old, there are a number of exciting and 
relevant technologies derived from molecular biology that have tremendous implications for the future of this 
branch of environmental biotechnology.  This should not be all that surprising considering that microbes are 
the dominant life on earth (>1030 cells and >1017 g) and have had >3.7 billion years to evolve.  Bioventing, 
biopiles, biofilters, bioreactors, biosparging, prepared beds, reactive barriers, and intrinsic bioremediation 
(natural attenuation) are all become widely used for bioremediation of soil, air, and groundwater.  Emerging 
technologies in include, bioimmobilization, biocurtains, bioaugmentation, and treatment trains, especially as 
applied to mixed waste, metals, and radionuclides in the environment.  Examples of various new techniques 
for biostimulation and bioaugmentation and their efficacy will be discussed.  The possibilities for genetically 
modified organisms will be considered along with the reasons that they have not been used for 
bioremediation up until now.  Monitoring techniques that inventory and monitor terminal electron acceptors 
and electron donors, enzyme probes that measure functional activity in the environment, functional genomic 
microarrays, phylogenetic microarrays, metabolomics, proteomics, and quantitative PCR are also being 
rapidly adapted for studies in environmental biotechnology. 
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Chlorinated ethenes are some of the most–frequently detected organic contaminants in groundwater, soil, 
and at U.S. EPA Superfund-designated waste sites.  Toluene o-monooxygenase (TOM), encoded by 
tomA012345 of the soil bacterium Burkholderia cepacia G4, was evolved by us for their degradation using 
DNA shuffling (J. Bacteriol. 184: 344-349, 2002) and saturation mutagenesis.  TOM is a multi-component 
enzyme (six genes) consisting of a three-component hydroxylase with a catalytic oxygen-bridged binuclear 
iron center, a NADH-ferredoxin oxidoreductase, and a mediating protein involved in electron transfer 
between the hydroxylase and reductase.  After directed evolution identified position 106 of the α-subunit of 
the hydroxylase as critical, saturation mutagenesis was implemented and the combined mutagenesis 
resulted in a 6-12 fold enhancement in 1-naphthol production (from naphthalene oxidation) as well as a 3-
fold enhancement in the degradation of chlorinated aliphatics (e.g., trichloroethylene, chloroform).  To 
enhance further the degradation of chlorinated ethenes by reducing the toxicity of the chlorinated epoxides 
formed in the TOM reaction, a novel glutathione S-transferase (GST) from Rhodococcus sp. strain AD45 was 
identified that is active with cis-DCE epoxide (IsoILR1), and it was cloned into TOM-expressing strains.  GST 
reduces toxicity by adding glutathione (γ-glutamylcysteinylglycine) across the chlorinated ethene epoxide 
bond formed by TOM.  Simultaneous expression of this GST and TOM (total of 7 genes) in an Escherichia 
coli dual-plasmid system led to an increase in cis-1,2-dichloroethene degradation as well as to an increase in 
chloride ion generation.  By overexpressing E. coli mutant γ-glutamylcysteine synthetase (GSHI*), the rate-
limiting enzyme for producing glutathione, a 7-fold increase in the intracellular glutathione concentration was 
achieved along with a 3.5-fold improvement in the cis-DCE degradation rate (2.1 ± 0.1 versus 0.6 ± 0.1 
nmoles cis-DCE/min/mg protein) in the presence of IsoILR1 and TOM-Green.  Several epoxide hydrolases 
have also been cloned to reduce toxicity.  The physiological changes in E. coli TG1 resulting from these 
genetic manipulations were also studied through a proteomic analysis.  Significant changes in the E. coli 
proteome were noted upon expression of TOM and GST, and when cells were exposed to trichloroethylene. 
 
Cleaning Up with Genomics: Application of Molecular Biology to Bioremediation   
 
Derek R. Lovley, Department of Microbiology, University of Massachusetts-Amherst, Amherst, MA  01003, 
Phone: 413-545-9651, Fax: 413-545-1578, Email: dlovley@microbio.umass.edu 
 
It is becoming increasingly apparent that the microorganisms which are important in the bioremediation of 
organic and metal contaminants in subsurface environments can be recovered in pure culture in the 
laboratory.  This, coupled with readily available techniques for whole-genome sequencing, and high-
throughput physiological analysis with whole-genome DNA microarrays, proteomic, and genetic strategies is 
rapidly providing the tools necessary to understand the physiology of microorganism important in 
bioremediation and to predict their metabolic response under various environmental conditions.  Advances in 
techniques for evaluating the genetic potential of microorganisms in contaminated environments and for 
monitoring in situ gene expression make it conceivable to couple in silico models of pure culture metabolism 
with environmental data to predict the likely outcome of various bioremediation strategies prior to conducting 
field studies.  For example, numerous molecular studies have demonstrated that Geobacter species are the 
predominant organisms in subsurface environments in which metal-reducing microorganisms play an 
important role in the anaerobic degradation of organic contaminants or the reductive precipitation of uranium.  
Genome-enabled analysis of the physiology of several Geobacter species available in pure culture has 
significantly changed the basic concepts of how these species function in the subsurface.  Environmental 
genomic analysis of as-yet-uncultured Geobacter species in subsurface sediments undergoing 
bioremediation indicated that the genetic potential and gene arrangement of the as-yet-uncultured 
Geobacters have some significant similarities and differences from pure cultures that have been studied in 
depth.  Analysis of in situ gene expression in subsurface sediments is providing insights into the metabolic 
state and rates of metabolism of Geobacter, which in turn can aid in a rationale strategy for modifying 
subsurface conditions to best promote the growth and activity of these organisms.  The genome-enabled 
approach is changing bioremediation from a largely empirical practice into a science.  
Specific Tools for Monitoring Perchlorate Bioremediation   
 
John D. Coates, Associate Professor, Department of Plant and Microbial Biology, 271 Koshland Hall, 
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Susan M. O’Connor, Department of Plant and Microbial Biology, 111 Koshland Hall, University of California, 
Berkeley, Berkeley, CA 94720, Tel: 510-643-4734, Fax: 510-642-4995, Email:  smoc@nature.berkeley.edu 
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Recently we demonstrated the ubiquity, diversity, and metabolic versatility of microorganisms which grow 
anaerobically with chlorate or perchlorate ((per)chlorate).  We identified two taxonomic groups, the 
Dechloromonas and the Dechlorosoma species, which represent the dominant (per)chlorate-reducing 
bacteria (ClRB) in the environment.  We also demonstrated that chlorite dismutation is a key step in the 
reductive pathway common to all ClRB and is mediated by the enzyme, chlorite dismutase (CD).  
Biochemical and genetic analyses suggested that CD is highly conserved amongst the ClRB.  As such, this 
enzyme makes an ideal target for a probe specific for these organisms.  Polyclonal antibodies were raised 
against the purified CD from Dechloromonas agitata strain CKB.  The obtained antisera was deproteinated 
and the antigen binding activity was assessed using dot-blot analysis.  Titer values obtained indicated that 
the anitsera had a high affinity for purified CD and activity was observed in dilutions as low as 1 x 10-6 of the 
antisera.  The antisera was active against both cell lysates and whole cells, but only if the cells were grown 
anaerobically with (per)chlorate.  In addition to D. agitata, dot-blot analysis employed with several diverse 
ClRB representing the alpha, beta , and gamma subclasses of the Proteobacteria tested positive regardless 
of phylogenetic affiliation.  The dot-blot response for the respective ClRB varied suggesting that some 
differences may exist in the anitgenic sites of the CD in these organisms.  In general, no reactions were 
observed with closely related non-(per)chlorate-reducing organisms.  These studies have resulted in the 
development of a highly specific and sensitive immuno-probe based on the commonality of the CD in ClRB.  
From these data a rapid (45 min) ELISA microtiter assay was developed which can be used to assess ClRB 
in environmental samples regardless of their phylogenetic affiliations.  This has important implications with 
regards to the successful monitoring of ClRB in an engineered bioremediative strategy. 
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Complete transformation of toxic and carcinogenic compounds to benign products is an achievable goal at 
many contaminated groundwater sites.  Recent pilot studies in the field successfully demonstrated that 
bacterial populations with desirable physiological traits could be stimulated, if already present, by 
overcoming existing limitations (biostimulation).  In aquifers contaminated with chlorinated solvents, microbial 
reductive dechlorination activity is frequently limited by electron donor availability.  Treatments that increase 
fluxes of hydrogen and acetate are often sufficient to stimulate the reductive dechlorination process.  If 
dechlorination rates are insufficient, or dechlorinating organisms are not present at a site, they can be 
supplied as a pre-grown inoculum (bioaugmentation).  Bioaugmentation contributes heavily to overall 
remediation costs, and hence, should be applied only when the indigenous microflora fails to promote 
complete detoxification within acceptable time frames.  Hence, site assessment must include a qualitative 
and quantitative evaluation of the key dechlorinating populations.  Recent research shed light on the 
bacterial populations contributing to complete detoxification of chlorinated ethenes, and molecular tools that 
target indicator genes of key dechlorinating populations (including Dehalococcoides sp. strain BAV1) were 
designed.  Initially, positive-negative response PCR amplification of Dehalococcoides-specific genes allowed 
a qualitative assessment.  When applied as a nested PCR approach, this method has unsurpassed 
sensitivity, with detection limits of a few cells per liter of groundwater.  Although the real time PCR approach 
currently cannot match such low detection limits, this approach offers the benefit of quantifying the 
organisms of interest.  Enumeration is critical to predict dechlorination performance and decide on the most 
cost-effective strategy, although the minimum Dehalococcoides cell number per gram of aquifer material 
necessary to promote robust dechlorination activity has yet to be established.  In addition, real-time PCR has 
proven to be a valuable tool for monitoring treatment success, and for establishing cause-effect 
relationships.  Refining the quantitative real time PCR approach holds great promise to provide practicing 
engineers with key information required to implement the most promising and cost-efficient remediation 
strategy at a given contaminated site.  
Let’s Ask the Microbes What matters?  A Field Guide to the Biochemical Responses of Degrader 
Populations to Environmental Conditions 
 
David C. White, Center for Biomarker Analysis, University of Tennessee, 10515 Research Drive, Suite 300, 
Knoxville TN 37932-2575, Tel: 865-974-8001, Fax: 865-974-8027, Email Dwhite1@utk.edu 
Aaron D. Peacock, Center for Biomarker Analysis, University of Tennessee, 10515 Research Drive, Suite 
300, Knoxville TN 37932-2575, Tel: 865-974-8014, Fax: 865-974-8027, Email Apeacock@utk.edu 
Edward Sobek, Microbial Insights, Inc., 2340 Stock Creek Blvd., Rockford, TN 37853-3044, Tel: 865-573-
8188, Fax: 865-573-8133,  E-mail Esobek@microbe.com 
Greg A. Davis, Microbial Insights, Inc., 2340 Stock Creek Blvd., Rockford, TN 37853-3044, Tel: 865-573-
8188, Fax: 865-573-8133, Email Gdavis@microbe.com  
 
Biomarkers recovered from subsurface microbial communities provide quantitative details of the viable 
biomass, community composition, indications of specific metabolic activities, and the nutritional/physiological 
status of the microbiota.  The active components of subsurface microbial communities are readily recovered 
from biofilms colonizing powdered activated carbon surfaces (over 600 m3/g) in solid phase samplers 
containing BioSep® beads in a nomex coating.  Lipid and DNA biomarkers provide indications for the 
remediation potential, diagnostics as to what conditions best potentates the proposed remediation, and 
forensic analysis if the program proves unsuccessful based on in situ down-well exposures. Lipids are 
readily concentrated and purified from complex environmental matrices and are amenable to structural 
analysis by chromatography/mass spectrometry. Lipid extraction potentiates recovery of DNA. Viable 
bacteria possess intact polar phospholipid membranes assessed quantitatively with analysis of 
phospholipids ester-linked fatty acids (PLFA). PLFA are metabolically labile and act as quantitative 
measures of viable microbial biomass.  Community composition of multispecies microbial communities can 
be quantitatively discerned from the lipid composition. Presence of specific microbes (rDNA) or metabolic 
activities (functional genes) can be determined with DNA isolation, PCR amplification with appropriate 
primers, amplicon separation and sequencing with comparisons to comprehensive data bases. Specific 
patterns of lipids can indicate physiological and toxin induced stress. Lipid composition reflects conditions at 
specific in situ microniches of the bacteria such as in situ redox conditions reflected in respiratory 
unbiquinone/menaquinone ratios and the plasmalogen content, toxic exposures induce increased 
cyclopropane and specific trans monoenoic PLFA. Increases in poly β-hydroxyalkanoic acid indicates 
unbalanced growth (division inhibited because some essential component is missing (phosphate, nitrate, 
trace metal, etc.), and accumulation of intercellular reductants. Specific lack of bioavailable phosphate 
induces ornithine-lipids. BioSep beads facilitate 13C incorporation into biomarkers.  Insights into in situ 
environments guide the corrective actions, bioaugmentation with missing microbial components, and 
maintenance of optimum conditions for subsurface remediation.  
Department of Defense Range Preservation Initiative 
David E. Bell, Associate Deputy General Counsel, U.S. Army  
 
Distribution, Transport and Fate of Energetic Materials on Ranges 
Tom Jenkins, U.S. Army ERDC-CRREL, Hanover, NH 
Alan D. Hewitt, U.S. Army ERDC-CRREL, Hanover, NH  
Marianne E. Walsh, U.S. Army ERDC-CRREL, Hanover, NH 
Sonia Thiboutot, Defence R&D–Canada, Val-Belair  QC, Canada 
Guy Ampleman, Defence R&D–Canada, Val-Belair  QC, Canada 
Thomas A. Ranney, Science and Tecnology Corporation, Hanover, NH 
Judith C. Pennington, U.S. Army ERDC-EL, Vicksburg, MS 
 
Successful In Situ Bioremediation of Perchlorate In Soil & Groundwater at Multiple Sites 
Evan E. Cox, Geosyntec Consultants, Guelph, Ontario, Canada   
Robert Borch, GeoSyntec Consultants,Bellingham, WA  
Scott Neville, Aerojet, Sacramento, CA   
 
Passive In Situ Remediation of Explosives in Groundwater 
Richard L. Johnson, Oregon Health & Science University, Beaverton, OR 
Paul J. Tratnyek, Oregon Health & Science University, Beaverton, OR   
 
Bioavailability of Heavy Metals 
Ron Checkai, U.S. Army, CHPPM  
 
Toward a Sustainable Range:  Assessment of Source, Transport, and Fate of Munitions  
Constituents on Active Army Training Ranges 
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David E. Bell, Associated Deputy General Counsel, (Civil Works and Environment), Officer of the General 
Counsel, Department of the Army, 104 Army Pentagon, Washington, D.C.  20310-0104, Tel: 703-693-3021, 
Fax: 703-697-5553, Email: david.bell2@hqda.army.mil 
 
Urban sprawl and attempts to apply certain environmental laws to military training venues and activities 
increasingly threaten to curtail the realistic military training activities that are essential to ensure that our 
soldiers, sailors, airmen, and Marines can survive on the battlefield.  Advances in technology and equipment 
have tested the boundaries of our installations to such a degree that training that once took place on a few 
hundred acres now requires hundreds of square miles.  The military no longer has the luxury of simply 
moving the training to another area of the installation when another imperiled plant or animal is identified or a 
neighbor complains.  In 2002, the Department of Defense proposed eight legislative initiatives designed to 
restore the balance between environmental stewardship and military readiness.  Congress adopted three of 
those proposals.  In 2003, the Department reproposed the remaining five legislative initiatives, two of which 
are currently under consideration by the National Defense Authorization Act Conference Committee.  The 
three remaining proposals deal with an extension to allow facilitate with certain Clean Air Act requirements 
and codification of current regulatory practices under the Resource Conservation and Recovery Act (RCRA) 
and the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  The RCRA 
and CERCLA provisions have been revised to address state regulator concerns and will be discussed in 
more detail.   
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Thomas. F. Jenkins, U.S. Army ERDC-CRREL, 72 Lyme Rd., Hanover, NH, 03755, Tel: 603-646-4385, Fax: 
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Alan D. Hewitt, U.S. Army ERDC-CRREL, 72 Lyme Rd., Hanover, NH, 03755, Tel: 603-646-4388, Fax: 603-
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Studies have been conducted at 20 training ranges in the United States and Canada to determine the 
identities, concentrations, and distribution of energetic compounds in surface soils.  The types of ranges 
investigated include impact areas at hand grenade, antitank, artillery, mortar, air-ground, and bombing 
ranges.  Firing points have been studied at antitank, artillery, mortar, and tank firing ranges as well.  The 
compounds found are generally correlated with the energetic compounds present in the most frequently 
used munition at a given range.  At firing points, nitroglycerin and 2,4-dinitrotoluene are the compounds 
found most frequently and at highest concentrations.  At impact areas, TNT, RDX, and HMX are the major 
compounds deposited during detonations and together with several environmental transformation products 
of TNT, are the compounds found in greatest abundance.  The concentrations of these compounds vary 
tremendously for different types of ranges.  For example, concentrations of TNT and RDX are in the low ppb 
(or below) in surface soils at artillery range impact areas except near areas where partial detonations have 
occurred.  In these areas, concentrations in soil can be in the % level, but only in a small area near the 
ruptured rounds or underneath chunks of high explosive.  The distribution of residues of energetic 
compounds at ranges is extremely heterogeneous, differing by orders of magnitude over distances as small 
as a meter.  The collection of representative samples is difficult, but very important if good decisions are to 
be made regarding the need to take action on these sites.  Generally multi-increment composite sampling 
improves representativeness tremendously over discrete samples.  Proper subsampling is also a very critical 
component when these samples are submitted for analysis.  Taking a “scoop off the top” is not adequate and 
subsampling protocols must be selected to ensure that representativeness is not lost at this stage.   
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Evan E. Cox, Geosyntec Consultants, 160 Research Lane Suite 206, Guelph, Ontario, Canada,  N1G 5B2, 
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Scott Neville, Aerojet, P.O. Box 13222, Sacramento, CA  95813-6000, Tel: 916-355-5500, Fax: 916-355-
6145 
 
In situ bioremediation is increasingly being used to treat perchlorate-impacted soils and groundwater. For 
example, in situ bioremediation has now been applied at field scale to treat perchlorate in groundwater at 
more than twenty sites, whereas bioremediation has been used to treat perchlorate-impacted soils at more 
than a dozen sites. Groundwater bioremediation demonstrations have routinely reduced perchlorate from 
starting concentrations ranging from of 250 to 500,000 ug/L to less than the practical quantitation limit (PQL) 
of 4 ug/L using a variety of electron donors and varying delivery configurations. Provided that electron donor 
addition is balanced versus the electron acceptor demand, perchlorate 
biodegradation can be accomplished without unduly impacting groundwater redox and quality, maintaining 
the groundwater as a valuable resource. Approaches that inject large batches of soluble or slow-release 
electron donors (e.g., molasses, edible oils, HRC) tend to deteriorate groundwater quality by producing 
significant methane and sulfide, and by mobilizing metals such as manganese and iron. Unfortunately, this 
makes these approaches unsuitable for most perchlorate sites. With respect to soil bioremediation, treatment 
of accessible soils has been accomplished via ex situ anaerobic composting or using composted manure 
overlays. Soil bioremediation has effectively reduced perchlorate from starting concentrations of 10 to 150 
mg/kg to below the residential preliminary remedial goal (PRG) of 7.8 mg/kg, and demonstration results 
suggest that the soil bioremediation approaches should be capable of meeting the lower cleanup levels that 
may be required at some sites (based on site-specific cleanup levels) in order to prevent continuing soil 
impacts to groundwater in excess of the PQL of 4 ug/L. When combined, bioremediation of perchlorate-
impacted soil and groundwater source areas may provide a beneficial means to reducing the duration and 
cost of remediation activities at many perchlorate-impacted sites. 
Passive In Situ Remediation of Explosives in Groundwater 
 
Richard L. Johnson, Oregon Health & Science University, 20000 NW Walker Road, Beaverton, OR  97006, 
Tel: 503-748-1193, Email: rjohnson@ebs.ogi.edu 
Paul J. Tratnyek, Oregon Health & Science University, 20000 NW Walker Road, Beaverton, OR  97006, Tel: 
503-748-1033, Email: tratnyek@ebs.ogi.edu 
 
Explosives-contaminated groundwater is a widespread problem for the Department of Defense.  Currently, 
most explosives plumes remediated using groundwater extraction and sorption on activated carbon.  
However, these plumes can be very long lived, especially if TNT is a contaminant of concern.  This makes 
explosives plumes ideal candidates for passive remediation.  Fortunately, TNT, RDX, HMX and other 
explosives are degraded very quickly by zero-valent iron (ZVI).  Laboratory and ex situ field columns 
demonstrate that degradation half-lives are on the order of minutes or less, and that this performance is 
maintained for thousands of pore volumes.  The use of ZVI is not without potential difficulties, however.  For 
example, those same laboratory and ex situ column studies show that groundwater containing dissolved 
oxygen can potentially reduce the hydraulic performance of a ZVI permeable reactive barrier (PRB).  Ex situ 
columns and a ZVI PRB project are currently underway at Cornhusker Army Ammunition Plant (NE) to 
assess the performance of ZVI for passive remediation of explosives in groundwater.  
Toward a Sustainable Range:  Assessment of Source, Transport, and Fate of Munitions  
Constituents on Active Army Training Ranges 
 
June E. Mirecki, U.S. Army Engineer Research and Development Center, Vicksburg MS 39180 
 
Sustainable Army training range practices reduce the contribution of propellants, explosives, and 
pyrotechnics (PEPs) to environmental matrices, while maintaining a full schedule of active, live-fire 
training exercises.  Attaining sustainability requires a quantitative understanding of distributed 
contaminant sources, transport parameters, and transformation pathways so that appropriate, 
preferably passive remediation methods can be defined.  Field investigations to quantify 
environmental parameters must be conducted on impact areas without disruption to training 
activities. 
 
A collaborative effort to combine remote sensing/GIS technologies, with “ground-truthed” soil 
chemical analyses enables us to evaluate spatial distribution of PEP sources distributed irregularly 
over large areas.  Uncertainty analysis is possible using spatial statistical methods.  To understand 
the temporal component of PEP loading, experiments to quantify PEP residues that result from 
low-order detonations will be evaluated in the context of range firing records to estimate mass of 
PEP residues contributed to ranges.  Range sites will represent several climate regimes for 
comparison. 
 
Regulatory / Legal Issues 
 
 
The Vapor Intrusion Pathway: An Environmental Snipe Hunt?   
Thomas E. McHugh, Groundwater Services, Inc., Houston, TX 
John A. Connor, Groundwater Services, Inc., Houston, TX 
 
State Regulation of Large, Area-wide Metals Contamination Problems   
Loren R. Dunn, Attorney, Riddell Williams P.S., Seattle WA 
 
An Overview of State Programs to Investigate and Remediate Contaminated Drycleaner Sites 
Steve Goins, Tennessee Div of Superfund, Nashville, TN 
Dale Trippler, Minnesota Pollution Control Agency, St Paul, MN 
 
PCBs in the Delaware: A Thirty one Year Technical and Legal Odyssey 
Itzchak E. Kornfeld,  Oayses Environmental Systems, Philadelphia, PA 
 
Water Resource Damages: The Down Side of Natural Attenuation as a Remedy 
Rolf R. von Oppenfeld, The TESTLaw Practice Group, Phoenix, AZ 
Mark E. Freeze, The TESTLaw Practice Group, Columbia, SC 
 
Expert Opinions In Environmental Litigation – Gatekeeping 10 Years After Daubert   
Robert L. Burns, Jr.,Thorp Reed & Armstrong, Pittsburgh, PA   
David G. Ries, Thorp Reed & Armstrong, Pittsburgh, PA   
 
The Vapor Intrusion Pathway: An Environmental Snipe Hunt?   
 
Thomas E. McHugh and John A. Connor, Groundwater Services, Inc., 2211 Norfolk, Suite 1000, 
Houston, TX 77098-4044, Tel: 713-522-6300, Fax: 713-522-8010 
 
In November 2002, the U.S. EPA released the Draft Guidance for Evaluating the Vapor Intrusion to 
Indoor Air Pathway from Groundwater and Soils, establishing recommended groundwater and soil 
gas screening limits for protection against indoor air impacts in overlying structures.  For chemicals 
such as trichloroethene, benzene, and ethylbenzene, the proposed screening limits are equal to 
drinking water MCLs, meaning that, according to USEPA, the presence of chemicals at these 
levels in groundwater within 100 feet below grade poses a potential for unsafe indoor air exposure.  
This classification includes nearly every one of the groundwater corrective action sites in the 
nation.  Yet, significantly, the indoor vapor concentrations measured at groundwater impact sites 
do not differ from the background indoor air concentrations measured at non-impacted sites 
throughout the U.S., meaning, quite simply, that most groundwater plumes are not causing 
measurable impacts to indoor air.  Indoor vapors at these sites are not caused by groundwater 
vapor intrusion but are associated with normal indoor sources (e.g., smoking, cleaning agents, 
paint, adhesives, aerosols, building materials, automotive equipment, etc.).  Nevertheless, the 
USEPA has based groundwater-to-indoor-air screening limits upon the erroneous assumption that, 
at groundwater plume sites, any indoor air concentration measured in excess of an average 
background level must be indicative of groundwater vapor intrusion. Proper evaluation of the 
available database of measured concentrations at groundwater impacts sites supports the 
following conclusions:  1) For petroleum release sites, there is no correlation between the 
petroleum constituent concentrations measured in groundwater and the concentrations of these 
compounds measured in indoor air. 2) For chlorinated solvent release sites, available data indicate 
a positive correlation; however, a conservative upper-bound groundwater-to-indoor-air attenuation 
factor is 0.0001, meaning that no indoor air impacts would be expected for groundwater 
concentrations up to 10x larger than the screening levels proposed by USEPA. 3) Groundwater 
vapor intrusion impacts are not a common phenomenon and do not pose a measurable additional 
risk to indoor air quality at the vast majority of sites.  Those sites where such impacts have 
occurred are exceptional and require a focused analysis of the special conditions that contributed 
to such exposures. 
State Regulation of Large, Area-wide Metals Contamination Problems   
 
Loren R. Dunn, Attorney, Riddell Williams P.S., 1001 4th Avenue Plaza, Suite 4500, Seattle WA  
98154 Tel: 206-624-3600, Fax: 206-389-1708, Email:  ldunn@riddellwilliams.com 
 
Large areas of Washington state, and many other states, have become contaminated (at moderate 
risk levels) with heavy metals, especially arsenic and lead, due to past agricultural and minerals 
extraction practices.  A few such areas, mostly associated with historic smelter operations, have 
become listed federal Superfund sites.  However, most areas have not been listed and are being 
left to the states to handle through state regulatory programs.  Most state programs are ill equipped 
to handle the burdens associated with area-wide contamination problems.   
 
For example, estimates show that Washington may have between 300,000 and 600,000 acres of 
orchard land that may be contaminated, due to use of lead arsenate pesticides, at levels which 
exceed state cleanup standards and which have required expensive soil removal programs at 
comparable Federal Superfund sites.  Many of these lands have been converted, or are being 
converted, to residential use, making concerns over the potential for human contact with the 
contaminants at these sites all the more acute.  Similar problems exist in many states where lead 
arsenate pesticides were widely used during the first half of the last century, or where metals 
mining and smelting have occurred historically.  While concerns for human contact are motivating 
state regulators to take action, the widespread nature of the contamination, and the potential for 
adverse stigma impacts on communities affected by the contamination, has caused many states to 
consider less intrusive methods for managing these sites than are currently available in their 
regulatory toolboxes.   
 
The key regulatory agencies in Washington have convened a regulatory review Task Force to 
assess new regulatory mechanisms and programs that might be used to help manage the area-
wide contamination problems affecting the state.  As part of that project, the regulatory programs of 
other states and the EPA have been surveyed, and a number of possible programs have been 
proposed.  Most of these programs focus on providing information and assistance to property 
owners, and encouraging voluntary protective measures.  Funding these, or more traditional, 
methods of remedying area-wide contamination sites promises to be a considerable challenge. 
 
An Overview of State Programs to Investigate and Remediate Contaminated Drycleaner Sites 
 
Steve Goins, CPA, Tennessee Division of Superfund, 4th Floor L&C Annex, 401 Church Street, 
Nahsville, TN 37243-1538, Tel: 615-532-8599, Fax: 615-741-1115 
Dale Trippler, Minnesota Pollution Control Agency, 520 Lafayette Road N., St. Paul, MN 55155-
4194, Tel: 651-297-8483, Fax: 651-297-8676 
 
It is estimated that between 75 and 90 percent of drycleaner sites are contaminated due to 
improper use and disposal of solvents.  Since 1994, eleven states have passed legislation creating 
programs to investigate, remediate, and prevent contamination at these facilities.  These programs 
are similar to insurance pools in that, dry cleaners pay fees that go into a fund that is used to 
remediate contaminated sites.   
 
In June, 1998, the US Environmental Protection Agency, Technology Innovation Office brought the 
states together in the belief that technical issues and problems concerning solvent contamination 
at dry cleaner sites are not unique to one state and that free exchange of information would benefit 
all.  The result of that effort is the State Coalition for Remediation of Drycleaners (SCRD), which is 
a forum for sharing technical and programmatic information regarding the remediation of 
drycleaner sites.  Member states include Alabama, Florida, Illinois, Kansas, Minnesota, Missouri, 
North Carolina, Oregon, South Carolina, Tennessee, and Wisconsin.  In addition, participation in 
SCRD as “Represented States” is open to states without drycleaner-specific programs but are 
actively remediating dry cleaner sites under other authorities.  New York, California, and Texas 
currently participate as “Represented States”.   
 
Even though the programs are fairly new and most have very limited budgets, they have been 
effective in performing the necessary tasks in a timely manner.  State drycleaning programs have 
performed at leased 630 assessments, 197 remedial actions, and closed 83 drycleaning sites.  
These numbers are increasing rapidly as each state becomes more experienced. 
 
Specific information to be presented will include the following: 
• Comparison of state drycleaner programs – program elements, fee structures, benefits. 
• SCRD projects and information available – site assessment, remediation technology, case 
studies 
• SCRD website. 
 
PCBs in the Delaware: A Thirty one Year Technical and Legal Odyssey 
 
Itzchak E. Kornfeld, Esquire, Oayses Environmental Systems, 16 East Roumfort Rd., Philadelphia, 
PA 19119-1618, Tel: 215-990-9215, Email: itzchakkornfeld@aol.com 
 
The Metal Bank Superfund Site, located in northeast Philadelphia, has been the subject of study 
and litigation for the past 31 years.   The odyssey began in 1972 when at least 21,000 gallons of 
PCB rich transformer fluid leaked from a UST and spilled into the Delaware River.  The Delaware 
River is tidal in the vicinity of the Site, with six to seven foot tides that reach maximum and 
minimum water levels every twelve hours.   
 
To the Site’s immediate west, the River forms a shallow embayment, which is completely 
submerged at high tide and which forms an exposed mudflat five to seven acres in size at low tide.  
The mudflat consists of fine silts and clays, with some occasional gravel in the subsurface. 
Groundwater underneath the Site flows into the Delaware River.  Depth to groundwater varies from 
7’-16’ feet.   The Site itself is composed of urban fill. 
 
The 1972 spill occurred during high tide.  However, as the tide began to recede much of the PCB 
laden liquid quickly fanned out into the mudflats where PCB levels exceeded 1500ppm.  In 1983 
the owners began a pump and treat operation to remove the PCB laden oil.   However, by 1989 
they did not succeed in removing all of the oil from the porous fill.  A three-foot thick PCB 
contaminated oil layer was still floating on the groundwater.  PCB concentrations measured in the 
oil were 1,539 ppm in 1977, prior to the oil recovery operation, and almost the same, 1540 ppm in 
1989 when the oil recovery operation was terminated. 
 
The surface soils of the Site also contained PCBs at concentrations up to 42 ppm; total SVOCs at 
concentrations up to 2,008 ppm; and lead concentrations up to 27,000 ppm (or 22.7% of the 
sample).   SVOCs and PAHs had a high positive correlations with PCBs. 
 
This paper will address both the scientific and expert testimony in the liability phase of this 
Superfund and RCRA case. 
 
Water Resource Damages: The Down Side of Natural Attenuation as a Remedy 
 
Rolf R. von Oppenfeld, Esq., Managing Partner, von Oppenfeld, Hiser & Freeze, P.C.,  
The TESTLaw Practice Group, 2633 E. Indian School Rd., Ste. 400, Phoenix, AZ 85016,  
Tel: 602-955-1416, Fax: 602-955-3207 
Mark E. Freeze, Esq., Partner, von Oppenfeld, Hiser & Freeze, P.C., The TESTLaw Practice 
Group, 1300 Sumter St., Ste. 201, Columbia, SC 29201, Tel: 803-254-7798, Fax: 803-254-9976 
 
With the issuance of EPA Directive 9200.4-17P in 1999, monitored natural attenuation (coupled 
with Risk Based Corrective Action (RBCA) focusing on minimizing exposure to actual human 
receptors) is increasingly the remedy of choice at contaminated groundwater sites, and 
increasingly at sites contaminated with chlorinated solvents.  One advantage of monitored natural 
attenuation and RBCA is that the cost is significantly lower than more aggressive remediation 
measures.  But, there is a down side.  Monitored natural attenuation and Aplume management@ 
as a remedy leave contaminated groundwater in place for many years.  As water supplies 
decrease, governmental entities have increasingly been bringing legal action to recover damages 
for lost use of groundwater during the lengthy attenuation period.  These damages often run in the 
tens of millions of dollars.  Also, water providers have been using innovative legal theories to 
recover for damages to their water supplies. 
 
There are a number of common law claims that a water provider may use to recover water 
resource damages, such as nuisance, negligence, trespass, etc.  A water provider can also use 
the common law theory of the public trust doctrine, where certain natural resources are held in trust 
by the government for the benefit of the public.  This theory may allow a water provider to bring a 
claim for lost water supply in state or federal court.  
 
Water users in the past have looked at recovering natural resources damages under three federal 
statutes: Comprehensive Environmental Response, Compensation and Liability Act (CERCLA); 
Clean Water Act; or Oil Pollution Prevention Act.  This presentation will look at common law 
grounds and the statutory basis for water resource damage claims, and focus on how natural 
resource damages for lost use of groundwater are measured.  It will discuss the legal issues and 
time limits surrounding the recovery of natural resources damages, and will survey natural 
resource damage recoveries and settlements at sites where monitored natural attenuation is the 
selected remedy.  
 
Expert Opinions In Environmental Litigation – Gatekeeping 10 Years After Daubert   
 
Robert L. Burns, Jr., Esq., Thorp Reed & Armstrong, LLP, One Oxford Centre, 301 Grant Street, 
14th Floor, Pittsburgh, PA  15219, Tel:  412-394-7787, Fax:  412-394-2555, Email:  
dries@thorpreed.com 
David G. Ries, Esq., Thorp Reed & Armstrong, LLP, One Oxford Centre, 301 Grant Street, 14th 
Floor, Pittsburgh, PA  15219, Tel:  412-394-2367, Fax:  412-394-2555, Email:  
rburns@thorpreed.com 
 
Environmental litigation almost always involves scientific issues and expert opinions, often with 
multiple experts in different disciplines.  In 1993, the United States Supreme Court issued its 
landmark decision in Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579 (1993), which 
made significant changes in the standards for admissibility of expert opinions in federal courts.  
The Supreme Court established a gatekeeping requirement under which courts must screen expert 
opinions for reliability and exclude “junk science.”  The Court also established a new, more flexible 
test to be used in this process.  These standards have now become better defined through their 
application by courts over the ten years since Daubert, including a number of environmental cases.  
A recent example of the application of these standards to an environmental case is Freeport-
McMoran Resource Partners, L.P. v. B-B Paint Corp., et al., 56 F.Supp. 2d 823 (E.D. Mich. 1999), 
a private party CERCLA case in which one of the authors successfully argued a motion to exclude 
expert testimony for a group of 12 defendants, resulting in exclusion of the opinions and a 
judgment for the defendants. The expert in the case was a PhD. chemist and had served as an 
expert witness in over 180 cases.  While admissibility of expert opinions is primarily the 
responsibility of attorneys, it is important for environmental professionals to understand the issues, 
both to assist attorneys and to take them into consideration in projects which may later result in 
litigation.  This presentation will explore current standards for expert opinions in environmental 
litigation in both federal and state courts. 
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Carbon Dioxide Aeration and Zero Valence Iron Remediation of High pH and Hexavalent Chromium 
Groundwater at a Private Site in Niagara Falls, New York 
 
Charles McLeod, Jr., P.E., EA Engineering P.C. and its affiliate EA Science and Technology, 3 Washington 
Center, Newburgh, NY 12550, Tel: 845-565-8100 
Michael Resh, The BOC Group, 575 Mountain Avenue, Murray Hill, NJ 07974, Tel: 908-771-1452 
Steven Rival, EA Engineering, Science, and Technology, Inc., 15 Loveton Circle, Sparks, MD 21152, Tel:  
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Daniel Hinckley, Ph.D., EA Engineering, Science, and Technology, Inc., 15 Loveton Circle, Sparks, MD 
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A full-scale carbon dioxide (CO2) aeration and zero valence iron (ZVI) treatment system will be used to 
neutralize pH 12+ groundwater and reduce hexavalent chromium (Cr+6) concentrations from approximately 
0.5 mg/L to less than 0.01 mg/L, and total chromium to less than 0.1 mg/L.  CO2 aeration and ZVI were 
selected as the final remedial technology based on the results of the feasibility study, and the successful 
bench-scale study test results.  This innovative combination was developed to address groundwater that 
currently recharges into a surface water and wetland area.  The desire was to treat the impacted water 
without construction of a costly treatment system, which could require full-time operations. 
 
To assess the site-specific effectiveness of CO2 aeration, and to provide necessary data for design of the 
full-scale system, bench-scale testing was completed using groundwater collected from the remedial target 
area.  The bench-scale tests evaluated Cr+6 and pH against applied doses of CO2 and ZVI solutions. 
 
The full-scale treatment system was designed and implemented using the bench-scale testing results.  To 
evaluate the effectiveness of the full-scale treatment system, pre- and post-samples will be collected.  The 
system is currently under construction and is anticipated to be on-line the first week of September, with 
operational data collected monthly for the first 3 months. 
 
This presentation will detail the results of the bench-scale testing results for both unit processes and the 
design elements for the full-scale treatment system, and provide an overview of the construction and start-up 
testing period of the full-scale system. 
 
HRC Treatment of a PCE Impacted Unconsolidated Aquifer 
 
Jonathan K. Child, Fuss & O’Neill, Inc. 78 Intestate Drive, West Springfield, MA  01035 
Tel: 413-452-0445 x4414, Email: jchild@fando.com. 
Timothy J. St. Germain, Fuss & O’Neill, Inc. 146 Hartford Road, Manchester, CT 06040 
Tel: 860-646-2469 x5208, Email: tgermain@fando.com 
John B. Hankins, Fuss & O’Neill, Inc. 146 Hartford Road, Manchester, CT 06040, Tel: 860-646-2469 x5245, 
Email: jhankins@fando.com 
 
In one of the first projects of its kind in the State of Connecticut, Hydrogen Release Compound (HRC®) was 
used to enhance the natural biodegradation of a plume of groundwater contaminated with tetrachloroethene 
(PCE).  The technique was particularly beneficial due to tight soil conditions and the setting of the site inside 
the security fence of a State correctional facility.   Chlorinated volatile organic compound (VOC) 
contamination at the study area was identified within an approximate 8,000 square foot area. 
  
The potential effectiveness of HRC® was evaluated through a Pilot Test undertaken at the release area in 
the summer of 2001.  The Pilot Test included the injection of 420 pounds of HRC® by Geoprobe® within an 
approximate 1200 square foot area centered on the region of maximum PCE groundwater impacts 
(approximately 3,000 to 4,000 micrograms per liter).  HRC® was injected over an approximate 10-foot 
vertical interval between a depth of 4 and 14 feet.  Groundwater monitoring results obtained during four post-
injection quarterly groundwater monitoring events documented HRC® related geochemical effects within the 
aquifer and a significant decline in PCE groundwater concentrations in the Pilot Test area.  Geochemical 
effects within the aquifer were monitored through field parameters and a comprehensive suite of laboratory 
analyses including dissolved gases, metabolic acids, and a variety of inorganic parameters.      
 
Based on results of the successful Pilot Test demonstration, full-scale HRC® treatment was undertaken in 
the summer of 2002.  Full-scale treatment included the injection of 1200 pounds of HRC® by Geoprobe® 
over an approximate 8,000 square foot area.  Effects of full-scale treatment were evaluated through a 
quarterly groundwater monitoring program completed in the summer of 2003.  It is anticipated that a program 
of monitored natural attenuation and/or groundwater compliance monitoring will be implemented in the fall of 
2003 to document post-remediation conditions within the aquifer.   
 
 
Ex-Situ Treatment of Dense Non-Aqueous Phase Liquids Using Calcium Oxide (Quick Lime) 
 
Wm. Gordon Dean, PE, WRS Infrastructure & Environment, Inc., 625 E. Tennessee Street, Suite 100, 
Tallahassee, FL  32308, Tel: 850-531-9860, Fax: 850-531-9866, Email:  gdean@wrsie.com 
 
Open excavation was selected to remove dense, non-aqueous phase liquids (DNAPLs) identified by 
previous assessment activities at the FDOT Fairbanks Disposal Pit in Gainesville, Florida.  The DNAPLs 
resulted from the disposal of asphalt testing residue and consisted primarily of trichloroethene and 1,1,1-
trichloroethane.  Presumptive and visual evidence of DNAPLs had been found in three areas of the site.  
Excavation of all three areas was conducted and DNAPLs were observed as predicted. 
 
The original plan called for ex-situ vacuum extraction of all contaminated soils.  All potentially contaminated 
soils were to be processed through a rotary trommel, staged in 100 cubic yard piles, and sampled for 
analytical testing.  Due to the increasing clay content of the deeper soils, the trommel could not be used for 
most of the potentially contaminated soils.  Quick lime was mixed into the soils at an approximate 5% ratio to 
improve the soil handling characteristics.  The combination of the heating and chemical reaction between the 
soils and the lime removed the contaminants to below the leachability soil cleanup target levels, and all 
contaminated soils were ultimately treated by mixing with quick lime.  The soils treated with quick lime were 
returned to the excavation to stabilize the slopes after confirmation soil samples verified the treatment goals 
had been reached.  Approximately 10,000 cubic yards of soil were treated with quick lime, saving several 
million dollars as compared to off-site disposal.   
 
 
NAPL Containment Using In Situ Stabilization 
 
James R. Greacen, The RETEC Group, Inc., 300 Baker Avenue, Suite 302, Concord, MA 01742  
Tel: 978-371-1422, Fax: 978-371-1448 
Edward J. Walsh, Lyme Properties, LLC, 101 Main Street, 18th floor, Cambridge, MA 02142 
Tel: 617-225-0909, Fax: 617-225-2133 
 
From circa 1850 to 1960, Cambridge Gas and Light Company operated a manufactured gas plant (MGP) in 
Cambridge, Massachusetts.  Since then, the property remained undeveloped due in part to the significant 
volumes of tars and oils left behind by the former industrial operations.  Dense non-aqueous phase liquid 
(DNAPL) at a depth of 20 feet below grade covered a three-acre area, preventing site closure and inhibiting 
development of the property.   
 
To address free DNAPL, soil and DNAPL were stabilized in situ using a crane-mounted, 10-foot diameter 
auger capable of injecting a 7% cement grout mixture.  The auger was advanced approximately 22 feet 
below grade to extend beneath the DNAPL and key the stabilized mass into the underlying clay layer.  In 
total, 2,256 overlapping columns were advanced over an area covering approximately 130,000 square feet.  
 
Monitoring was performed during stabilization operations to ensure that performance requirements were met.  
Uncured stabilized samples were collected to allow the laboratory to place the soils into precast forms for 
NAPL saturation analysis.  Additional samples were collected following a curing period to allow direct 
observation of stabilized material that had cured in situ, and to provide additional supporting documentation 
of the permanence of the remedy.   
The stabilization remedy allowed site closure to proceed and allowed construction of two 300,000 square-
foot life science buildings.  The construction of one building is complete and is occupied by Vertex 
Pharmaceuticals.  The second building will be the world headquarters for Genzyme Corporation, and is 
under construction with a scheduled occupancy date in the fall of 2004.   
 
 
A Case Study of Remedial Action and Closure at a Former Manufactured Gas Plant Site  
 
Edward P. Van Doren, Shaw Environmental, Inc., 3 Riverside Drive, Andover, MA 01810 
Tel: 978-691-2130, Fax: 978-975-2065 
Dennis G. Tuttle, Shaw Environmental, Inc., 3 Riverside Drive, Andover, MA 01810 
Tel: 978-691-2142, Fax: 978-975-2065 
 
A seemingly straightforward remediation of a former Manufactured Gas Plant (MGP) Site in western 
Massachusetts presented numerous challenges during the course of remediation activities and final closure.  
The former MGP operated between 1889 and 1922 making gas from oil and was located adjacent to a 
wetland.  The Site is also approximately 500 feet from two municipal wellheads and surrounded by 
residential dwellings.  The source of groundwater for the municipal wells is a deep artesian aquifer with a 
potentiometric surface elevation more than 30 feet above ground surface.  The artesian aquifer is overlain by 
a clay aquitard over 100 feet thick to less than 20 feet at the Site.  Site contamination consisted primarily of 
Polynuclear Aromatic Hydrocarbons (PAHs) and Volatile Organic Hydrocarbons (VOCs) located within soils 
above the confining clay layer.  Contaminated soil depths ranged from 20 feet below ground surface (bgs) at 
the former MGP parcel to 2 feet bgs in wetland soils.  The initial remediation called for the excavation of 
approximately 26,000 square feet (SF) of wetland and 8,500 SF of buffer zone soils while minimizing 
excavation into the clay.  The soils were treated by thermal desorption and off site disposal and the wetland 
and buffer zone were restored.  As the remediation work progressed it became apparent from confirmatory 
sampling that additional excavation in the wetland and buffer zone was required and that compete removal 
of contaminated soils was not feasible.  Groundwater remediation was achieved by a combination of source 
area removal and natural attenuation as part of a Monitored Natural Attenuation (MNA) plan.  Site closure 
maximized the risk reduction and resulted in: a condition of No Significant Risk under current conditions for a 
residential exposure scenario; maintaining the integrity of the clay aquitard protecting the municipal wells; 
and minimizing restrictions placed in an Activity and Use Limitation (AUL). 
 
Case Study of Remediation of a Vinyl Chloride Impacted Drinking Water Aquifer 
 
Gerald L. DeMers and Heidi W Yantz, GeoTrans, Inc., 175 North Corporate Drive, Brookfield, WI 53045 Tel: 
262-792-1282, Fax: 262-792-1310 
 
In 1994, a Remedial Investigation (RI) and Feasibility Study (FS) were completed for a NPL landfill in Ripon, 
Wisconsin.  The Record of Decision (ROD) required the construction of a composite landfill cap and passive 
gas collection system; this work was completed in 1996.   The ROD did not require the active remediation of 
groundwater. 
 
During routine groundwater monitoring in the fall of 2001, vinyl chloride was detected in one private drinking 
well located in the sandstone aquifer and down gradient of the site.  Additional monitoring of a new home 
indicated that its well was also impacted.  Following these detections, the PRP group provided bottled water 
to the residents and installed air strippers and activated carbon treatment units as interim measures at the 
homes.  An extensive groundwater monitoring investigation was performed to fully define the vertical and 
horizontal extent of groundwater impacts and to characterize the hydrogeology of the sandstone aquifer at 
the site. In addition, the public water supply was extended to the two impacted homes to provide a 
permanent remedy. The site was also evaluated for natural attenuation of chlorinated solvents at the landfill, 
and of the vinyl chloride plume.  A reducing environment exists beneath the landfill, and TCE and DCE are 
reductively dehalogenated to vinyl chloride near the site.  Further monitoring and fate and transport modeling 
are required to show that the vinyl chloride is being attenuated. 
 
A Focused FS is being prepared to evaluate alternatives to remediate the vinyl chloride plume.    Alternatives 
considered include natural attenuation, extending water supply to additional residences, pump and treat, 
circulation wells, bioaugmentation and active gas extraction at the landfill. 
Bioavailability 
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Soil ingestion is a predominant exposure route of environmental contaminants to the human body. 
Contaminant bioaccessibility can be defined as that fraction that mobilizes from the soil matrix in the 
gastrointestinal tract and that is at maximum available for intestinal absorption. Hence, it is an important 
prerequisite to oral bioavailability. Mechanistic information on which processes and parameters influence 
contaminant bioaccessibility in the gut is scarce. This paper presents a multi-laboratory comparison study of 
in vitro models assessing bioaccessibility of soil-bound lead in the human gastrointestinal tract. The 
bioaccessibility results of this round-robin were compared and evaluated against oral bioavailability data that 
were obtained from a previous in vivo study in which the oral lead bioavailability in adults for that same 
contaminated soil was investigated. Every in vitro method simulated fasted and fed conditions in analogy 
with the former in vivo study.  
 
The bioaccessibility data were significantly different for each in vitro method and ranged for the fasted 
models from 2% to 33% and for the fed models from 6% to 29%. The in vivo data from literature were 26.2% 
for the fasted conditions, compared to 2.5% for the fed conditions. Crucial parameters that determined lead 
bioaccessibility during fasted conditions were the liquid to soil ratio, pH of gastric and duodenal juice, and the 
separation step for estimating bioaccessible lead (centrifugation speed, filtration, dialysis). For the fed 
conditions, the nutrition type and the formation of lead complexes appeared to be important as well as the 
separation step. Lead bioaccessibility from a dynamic in vitro model fitted oral bioavailailability data the best, 
both in fasted and fed conditions. This model used hollow fibre membranes with a cut-off factor of 3000 Da 
to identify lead bioaccessibility. Results from the other in vitro methods provide important mechanistic 
information on factors determining lead bioaccessibility. The combination of in vitro data from several 
methods and in vivo data on the same matrix from literature give a better insight in the processes that 
determine the bioavailability of ingested contaminants. 
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Bioavailability refers to the processes that cause contaminants in soil or sediment to become 
sequestered in such a way as to reduce overall exposure of nearby organisms, including humans.  
After two years of deliberation, a committee of the National Research Council recently weighed in 
on the use of bioavailability in soil and sediment management.  The resulting report notes that the 
potential for the consideration of bioavailability to influence decision-making is greatest where 
certain chemical, environmental, and regulatory factors align.  The first condition is that the 
contaminant whose bioavailability is under investigation must be and remain the risk driver at a 
site.  Second, consideration of bioavailability could make a significant difference if the default 
assumptions made during risk assessment that affect the final cleanup goal are inappropriate.  
Third, experience has shown that considerations of contaminant bioavailability make sense where 
a significant change to remedial goals is likely, for example because substantial quantities of 
contaminated soil or sediment are involved.  Fourth, bioavailability arguments should only be used 
to alter cleanup goals when site conditions are unlikely to change substantially over time.  Finally, 
bioavailability concepts have not received widespread regulatory and public acceptance. 
 
The report begins by defining “bioavailability processes” and examining historical use of the term 
and concept.  A chapter is devoted to demystifying the current use of bioavailability in risk 
assessment and hazardous waste cleanup regulations.  The report discusses acceptable tools and 
models for bioavailability assessment, and it ranks tools according to seven criteria.  Finally, the 
intimate link between bioavailability and bioremediation is explored.  The report concludes with 
suggestions for moving bioavailability forward in the regulatory arena for both soil and sediment 
cleanup. 
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Elevated levels of nickel (Ni) in soil span a 29 km2 area of Port Colborne, Ontario, as a result of 
historical stack emissions from a nickel refinery. A confounding factor for the human health risk 
assessment is that the RfD for Ni is based on oral administration of soluble nickel sulphate (NiSO4) 
to rats. However, the bioavailability of Ni (primarily nickel oxide) in soils is likely less than soluble 
NiSO4. 
 
In vivo determination of the relative oral bioavailability (ROB) of Ni from three soil types was 
determined through oral administration to rats. The Ni bearing soils and NiSO4.6H2O were orally 
administered to male rats as follows: Group 1 – vehicle blank, Group 2: NiSO4.6H2O 39.7 mgNi/Kg 
bw, Group 3: Welland Clay 28.5 mgNi/Kg bw, Group 4: Organic Soil 53.1 mgNi/Kg bw, Group 5: 
Fill Soil 58.1 mgNi/Kg bw. The ROB fraction of Ni from soils was 3.9% for Welland Clay, 3.2% 
Organic Soil and 2.1% Fill Soil. 
 
In vitro bioaccessibility of Ni from the three soil types was carried out using a two stage simulated 
gastric fluid extraction(GFE): Stage 1 acidic gastric conditions, then pH raised to neutral (intestinal) 
in Stage 2. Two GFE experimental regimes were conducted; first with glycine added as a buffer 
and the second without glycine. No statistical difference (p>0.05) in the % bioaccessible fraction of 
Ni from the soils was seen between the two regimes in Stage 1. However, there was a significant 
decrease (p<0.05) in the bioaccessible fraction of Ni in the regime conducted without glycine in 
Stage 2 (intestinal). It was determined that the in vivo ROB of Ni from the soil types is actually 
between the in vitro bioaccessibility GFE regimes of Stage 2, with and without glycine.  
 
The use of the ROB of Ni from soils has served to set a scientifically defensible, health based soil 
remediation criterion. Work continues on validating an in vitro extraction for Ni. 
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This presentation will discuss a study conducted to assess the oral and dermal absorption of 
arsenic from soil, for the purpose of human health risk assessment.  Both the oral and dermal 
assessments relied on non-human primates as a surrogate for humans, and evaluated the 
absorption of arsenic from the same test soils.  Measurement of urinary arsenic excretion over a 5- 
to 7-day period, post-dosing, was relied on for determination of the absorbed fraction of arsenic 
from soil.  The oral bioavailability study was conducted in the model of Roberts et al. (2002)1, with 
the following modifications:  the test species was changed from Cebus to Cynomolgus monkeys, 
which allowed anesthesia to be eliminated from the study design, and the analytical method was 
changed to ICP/MS to allow for lower detection limits for arsenic in monkey urine.  The dermal 
absorption study utilized the model of Wester et al. (1993)2, with the exceptions that 
environmentally contaminated (i.e., weathered) soils were studied, and that certain exposure 
parameters (e.g., exposure time, soil particle size, and loading rate) were changed to be more 
representative of human exposures to contaminated soils.  The test soils (surficial, 0- to 2-in.) were 
collected from orchard, mining, and smelting sites, and contain arsenic in the range of 300–700 
mg/kg.  Soil parameters, including pH, total organic carbon, particle size, Fe/Mn oxide content, and 
arsenic mineralogy, were determined for each soil.  The relation between oral bioavailability and 
dermal absorption of arsenic will be presented for the individual test soils, and the effect of soil 
characteristics on controlling the magnitude of these endpoints will be discussed. 
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Soil ingestion can be a major exposure route for humans to many immobile soil contaminants. 
Exposure to soil contaminants can be overestimated if oral bioavailability is not taken into account. 
Several in vitro digestion models simulating the human gastrointestinal tract have been developed 
to assess mobilization of contaminants from soil during digestion, i.e., bioaccessibility. 
Bioaccessibility is a crucial step of the oral bioavailability for soil contaminants. To what extent in 
vitro determination of bioaccessibility is method dependent has, until now, not been studied. This 
study presents a multi-laboratory comparison and evaluation of five in vitro digestion models. Their 
experimental design and the results of a round robin evaluation of three soils, each contaminated 
with arsenic, cadmium, and lead, are presented and discussed. A wide range of bioaccessibility 
values were found for the three soils: for As 6-95%, 1-19%, and 10-59%; for Cd 7-92%, 5-92%, 
and 6-99%; and for Pb 4-91%, 1-56%, and 3-90%. Bioaccessibility in many cases was less than 
50%, indicating that a reduction of bioavailability can have implications for health risk assessment. 
Although the experimental designs of the different digestion systems are distinct, the main 
differences in test results of bioaccessibility can be explained on the basis of the applied gastric 
pH. High values are typically observed for a simple gastric method, which measures 
bioaccessibility in the gastric compartment at low pHs of 1.5. Other methods that also apply a low 
gastric pH, and include intestinal conditions, produce lower bioaccessibility values. The lowest 
bioaccessibility values are observed for a gastrointestinal method which employs a high gastric pH 
of 4.0. 
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Although lead transport has been localized to the duodenum, the molecular mechanism(s) of 
transport is still largely unknown and has only been described in terms of its general energy 
requirements (active or passive). This lack of knowledge exists in spite of the cloning of several 
intestinal metal transporters over the last 10 years, including those for iron and copper.  Since it is 
presumed that lead uses mechanisms of transport that already exit for essential metals newly 
discovered metal transporters may provide the key to a mechanistic model of lead transport, and 
thereby inform models of risk assessment.  For mammals, a membrane barrier mediates 
mammalian transport, which in humans consists of a thin layer of absorbing enterocytes in the 
intestine.  Transport from the intestinal lumen to the portal blood takes place across these 
enterocytes, which are differentiated into functionally distinct apical and basolateral membranes.  
In vitro human intestinal cell lines have been widely used to examine transcellular and paracellular 
transport of metals besides lead.  When grown in culture, these cells form intestinal like epithelia 
with tight-junctions and differentiate to form apical absorbing and basolateral transporting 
membranes typical of enterocytes.  In this presentation, the potential for human intestinal cell lines 
to elucidate mechanisms of lead and other metal transport will be reviewed in the light of recent 
discoveries of intestinal metal transporters.  The potential of these models to inform both in vivo 
and in vitro bioavailability methods is assessed. 
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Lead (Pb) is a major soil contaminant at hundreds of Superfund sites.  Soil can be ingested by 
small children through hand to mouth activity, and some of the ingested Pb can subsequently pass 
into the bloodstream.  The bioavailability (i.e., fraction absorbed) of Pb from ingested soil in 
humans has, until recently, been unknown.  Models aimed at estimating human exposure to Pb 
from soil currently use assumptions based on bioavailability data from animal or in vitro models.   
 
Technologies or soil treatments that would reduce Pb bioavailability could potentially influence the 
clean-up level for Pb in soil.  Phosphate, as found in typical agricultural phosphate fertilizers, can 
form insoluble complexes with Pb.  For this reason, EPA scientists have been interested in 
evaluating the effect of phosphate treatment, i.e., the application of standard phosphate fertilizer, 
on Pb bioavailability.  Through collaboration with the EPA, we obtained and evaluated soil from a 
former smelter site in Joplin, Missouri.  Employing a human model we developed, using a method 
known as stable isotope dilution, we have been able to determine the bioavailability of Pb in an 
untreated soil sample, and a sample from an adjacent plot of land that had been treated with 1% 
phosphate 18 months earlier.  We assessed changes in the ratio of 206Pb to 207Pb in blood, 
following the ingestion of trace quantities of the Pb-contaminated soils.   
 
Preliminary findings are extremely interesting and potentially important.  Among the five subjects 
who received the non-treated soil, the mean Pb bioavailability was 36%, with a range of 15-54%.  
In contrast, among those who received the phosphate-treated soil, mean Pb bioavailability was 
15%, with a range of 8-26%.  This represents a 57% reduction in bioavailability.  Comparison of the 
study results with those evaluating the bioavailability of these soil in animals, and in an in vitro 
system, are underway. 
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Long-term use of aircraft and pavement deicing fluids and intermittent releases of jet fuel can 
impact subsurface soil and water at airport facilities.  Parent compounds in these mixtures can 
degrade rapidly to daughter compounds that are not typically included on standard USEPA analyte 
lists, potentially resulting in false negative results when trying to identify areas of soil or water 
contamination and evaluating ecological and human health risk.  Identification of these compounds 
can, even when present in concentrations below risk levels, present operational or nuisance 
problems to potential receptors if impacted areas are exposed to ambient conditions.  Therefore, a 
forensic approach must be developed to identify the daughter compounds and subsequently 
evaluate potential risks and nuisance for operations and construction planning. 
 
 Soil, water and air samples were collected from potentially impacted areas at a municipal airport, 
with subsequent analysis for VOCs, SVOCs, ammonia, aldehydes, glycols, and sulfur compounds.  
Analyses were conducted using USEPA or ASTM methods with tentatively identified compounds 
(TICs).  A total of 164 different compounds were detected in one or more of the sample media.  
Chemical constituents from the source materials (deicing fluids and jet fuel) tended to be present in 
relatively low concentrations; however, a wide range of daughter products were detected.  A 
comparison of chemical concentrations to promulgated standards or risk-based target 
concentrations suggests that the greater proportion of allocation of risk is due to non-target list 
daughter compounds relative to the parent compounds evaluated by the standard target list 
approach.  The forensic evaluation of the distribution of constituents can be used to estimate the 
relative contribution of various parent products to the final mixture of chemicals identified in 
impacted areas. 
 
The findings of this assessment have broad implications for identifying appropriate chemicals of 
concern for settings where deicing fluids and/or jet fuel may be present, such as civil or military 
aviation facilities.     
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An investigation was undertaken to identify the source of a sheen that emanates at low tide from a 
petroleum product terminal bulkhead into a tidally-influenced river.  The presence of sheens drives 
regulatory cleanup requirements at the site, thus sheen source identification is required to target 
appropriate remedial action.  Forensic profiling techniques (fingerprinting) employed in this 
investigation include molecular and isotopic composition analyses and fuel fluorescence detection 
(FFD) soil screening.  Product (NAPL) samples were collected from a monitoring well 
approximately 200 feet upgradient from the bulkhead and an oil-water separator located further 
inland.  NAPL samples exhibited carbon ranges from C5 through C28 and appeared to be a mixture 
of gasoline and middle distillate hydrocarbons such as diesel/fuel oil #2.  Soil samples were 
collected at several locations and depths between the monitoring well and the bulkhead.  C8 to C23 
carbon ranges were identified for petroleum hydrocarbons in the soils.  Middle distillate range 
hydrocarbons were present in all samples (expect one sample with low TPH concentration) with 
some samples containing gasoline range hydrocarbons.  Molecular and bulk hydrogen isotopic 
composition data indicated that samples were progressively more weathered towards the 
bulkhead.  Alkylated PAH data indicated the presence of at least two middle distillate hydrocarbons 
sources.  Sheen samples were collected from the river during low tide.  Sheens featured an 
unresolved complex mixture in the C15 to C28 range.  Although this carbon range overlapped with 
that of the NAPL samples, the absence of lighter hydrocarbons in the sheen and the absence of 
heavier hydrocarbons in the soils suggested that upgradient NAPL and residual petroleum 
hydrocarbons in sampled soils are not sheen sources.  Compound-specific carbon isotopic 
analyses of select NAPL, soil, and sheen samples are currently underway to provide further 
characterization of potential source materials and sheen.  Collection of soil samples from within 
five feet of the bulkhead was not practical due to suspected structural instability of the bulkhead.  
Sheen generating materials may be limited to near-bulkhead soils.   
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Data users have historically assumed that laboratory-reported results are absolute, accurate, and 
reliable.  This assumption has proven time and time again to be a costly mistake.  Although data 
validation (and to a lesser extent data verification) can determine if an analysis conforms to client, 
method, and regulatory agency specification and if the results are usable for their intended purpose, 
data validation is dependent upon the hard copy data package provided.  Laboratories use software 
to process electronic data output from instrumentation and to prepare hard copy data packages.  If a 
laboratory has manipulated its electronic data files so that the data conform to client, method, and 
agency specifications prior to the laboratory’s preparation of the hard copy data package utilized for 
data validation, the data validator would have no way of knowing that electronic data manipulation had 
occurred. 
 
A forensic review of processed data files advances data validation past paper auditing.  This 
electronic file review allows the auditor to assess issues such as the integrity of manual 
integrations, qualitative identification, accuracy of results and presence and identification of non-
target compounds.  Using the same software as that used by the laboratory allows data reviewers to 
take the laboratory’s original organic electronic data files, to reprocess these data files, and to 
compare the laboratory’s final result records to those records that the data reviewed reprocessed.  
Thus, an independent reviewer can determine if the electronic data files have been manipulated or 
altered.  Examples of how examination of organic electronic data files can benefit data review will be 
presented. 
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Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous in the environment from a variety of sources: 
atmospheric soot residues from burning petroleum/wood/coal, surface runoff, urban/industrial outfalls, 
petroleum uses and releases, and others.  In aquatic environments, sediments are a primary sink for 
hydrophobic compounds, such as PAHs.  PAHs also constitute the predominant hydrocarbon fraction in 
MGP by product tars.  Due to the proximity of many former MGP sites to streams, delineating the extent of 
PAHs in sediments is a common component of many MGP remedial investigations.  Because of the 
compositional similarity of weathered/degraded MGP residues to background PAHs, it is often difficult to 
accurately determine the local PAH background in sediments in aquatic systems near former MGP sites.  In 
the context of a remedial investigation, uncontrolled background sources constitute a potential for post-
remedial recontamination, limiting the feasibility of some remedial options.  A case study is presented for a 
creek flowing adjacent to a former MGP where an elevated PAH background was observed upstream of any 
suspected releases.  Relatively simple interpretative techniques were applied to PAH delineation data 
generated using conventional analytical methods.  The preliminary evaluation identified two potentially 
distinct PAH signatures, representing site-related sources and local PAH background.  PAH fingerprinting 
was performed on selected samples to confirm source identifications and refine the conceptual site model.  
Data will be presented illustrating a phased approach to distinguishing site-related and local background 
PAHs, and the implications for sediment remediation.  
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Electric capacitor plants released PCBs into New Bedford Harbor from the 1940s to the 
1970s.  Sediment PCB characterization data was collected and analyzed by 
geostatistically modeling portions of the harbor to define the horizontal extent and removal 
depths required to achieve compliance with the mandated clean-up goals. The results of 
this data interpretation are currently being used to specify the dredging or excavation 
design for the removal of over 500,000 cubic yards of contaminated sediments. 
 
Each sediment sampling location was classified on the basis of the pattern of PCB 
concentrations measured throughout the sediment column with depth. Systematic rules for 
assigning a projected compliance depth (referred to as Z*) for each characteristic pattern 
of sample results in the sediment column were defined in consideration of the sampling 
protocols used, sediment type and stratigraphy, field information, and other site 
knowledge. The projected compliance depths for each location were compiled, 
documented, and used as input to the geostatistical modeling effort.  
 
Geostatistical modeling was used to predict compliance depths between sample locations, 
drawing on spatial correlations observed in the data set.  The input compliance depth data 
were evaluated using a suite of statistical diagnostic techniques to establish the 
parameters needed to perform the detailed 2-dimensional spatial modeling of the depth of 
sediment removal required to achieve compliance.  The Harbor was modeled as six 
separate domains, which were defined based on topography, hydrology, and patterns of 
PCB concentration levels. Final Z* projections were developed for each domain, along with 
corresponding estimates of the precision associated with these results.  This allowed data 
users to assess the confidence of the results for any area of the harbor and to determine 
where additional sampling may be necessary. The results have been used to guide 
dredging design, estimate removal volumes, and aid in restoration planning.  
 
 
 
 
Diamondoid Hydrocarbons – Application in the Chemical Fingerprinting of Gas Condensate and 
Gasoline 
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Detailed chemical fingerprinting of lower boiling petroleum liquids (e.g., natural gas condensates), 
intermediate petroleum distillates (e.g., naphthas or straight run gasolines), and finished petroleum 
products (e.g., automotive gasoline) is a common need in environmental forensic investigations.  
Commonly employed fingerprinting techniques rely upon the detailed analysis of hydrocarbons and 
non-hydrocarbons, including gasoline additives, using purge-and-trap or direct injection gas 
chromatographic/mass spectrometric (GC/MS) methods.     The hydrocarbon classes commonly 
targeted in these analyses include the so-called “PIANO” groups, an acronym for paraffins, iso-
paraffins, aromatics, naphthenes, and olefins.   The naphthenes are cyclic aliphatic compounds 
that occur naturally in petroleum.   Heretofore, chemical fingerprinting of the naphthenes in lower 
boiling petroleum has utilized numerous single-ring compounds, viz., cyclopentanes and 
cyclohexanes.    In this paper, a class of multi-ring naphthenes in lower boiling petroleum known as 
diamondoids is described and the potential application of these compounds in the chemical 
fingerprinting of lower boiling petroleum is demonstrated. 
Diamondoids are a class of saturated hydrocarbons that consist of three or more fused 
cyclohexane rings, which results a ‘cage-like’ structure.   The diamondoids that can be found in 
light petroleum liquids (e.g., natural gas condensates), intermediate petroleum distillates (e.g., 
naphthas), and finished petroleum products (e.g., automotive gasoline) include adamantane (B.P. 
~190oC) and diamantane (B.P. ~272oC) and their various substituted equivalents.  These naturally 
occurring compounds are thermodynamically stable and extremely resistant to weathering.  As 
such, their distribution and relative abundance in environmental samples can be useful in the 
chemical fingerprinting of light petroleum and gasoline.     In this study, the chromatographic and 
mass spectral characteristics of diamondoids in various petroleum products are demonstrated. 
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Chemical analyses of polycyclic aromatic hydrocarbons (PAHs) can be used to differentiate 
between pyrogenic and petrogenic sources in environmental media.  Based on the relative stability 
of non-alkylated (or parent) PAHs associated with hydrocarbon mixtures derived from high 
temperature reactions.  It is increasingly desirable not only to differentiate between pyrogenic and 
petrogenic sources, but also between different types of pyrogenic sources.  In this study, chemical 
characterization of petroleum and coal-derived lampblack and coal oil tar was investigated and 
compared.  Additionally, petroleum cokes (green and calcined) were analyzed to assess the 
potential for these high temperature products for providing  chemical signatures commonly 
associated with pyrogenic sources.  The samples were analyzed using GC/MS both in the full scan 
and single ion monitoring modes.  Results show that the hydrocarbon compositions of the cokes 
differ substantially from the coal tar and the lampblack samples.  Specifically, the alkylated PAH 
distribution measured on the coke samples do not show the common parent-dominance often 
associated with pyrogenic sources measured in the coal tar and coal-derived lampblack samples.  
Differences were also noted in the chemical compositions of the two coke samples, with the green 
coke having a higher relative abundance of aromatic compounds relative to the calcined coke.  
Finally, comparison of the two lampblack samples, showed substantial differences in the PAH and 
aromatic and saturate biomarker composition.  These data provide new insights on the application 
of PAH chemistry to forensic source identification and ultimately liability allocation at environmental 
sites. 
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Acid mine drainage (AMD) is a severe pollution problem attributed to past mining activities. AMD is 
an acidic, metal-bearing wastewater generated by the oxidation of metal sulfides to sulfates by 
Thiobacillus bacteria in bothe active and abandoned mining operations. The wastewaters contain 
substantial quantities of dissolved solids with the particular pollutants (metal sulfates) dependent 
upon the mineralization occurring at the mined rock surfaces. The exposure of post-mining 
residuals to water and air results in a series of chemical and biological oxidation reactions that 
produce an effluent which is highly acidic and contains high concentrations of various metal 
sulfates.. The metals (metal sulfates)  usually encountered and considered of concern for human 
risk assessment are: arsenic, cadmium, iron, lead, manganese, zinc and copper. These metals as 
well as sulfate are considerd serious pollutants of the acid mine drainage. The pollution generated 
by abandoned mining activities in the area of Butte, Montana has resulted in the designation of the 
Silver Bow Creek-Butte area known as Berkeley Pit,  as the largest superfund (National Protection 
List) site in U.S.. This paper reports on bench-scale studies conducted to develop a resource 
recovery based remediation process for the cleanup of the Berkeley Pit acid  mine water 
 
The process utilizes selective, sequential precipitation (SSP) of metal hydroxides and sulfides such 
as copper, zinc, aluminum, iron and manganese from the Berkeley Pit AMD for their removal from 
the acidic water and purification.  With additional processing,  the ferrous sulfide precipitates can 
be converted into marketable products (i.e pigments). Unique, four stage  and six stage  processes 
for metal sequential precipitation/separation and purification have been developed for the above 
metals using  biogenic hydrogen sulfide produced by the sulfate reducing activity of sulfate 
reducing bacteria (SRB) in separate bioreactor systems for the treatment of AMD. The six stage 
SSP system based on appropriate optimized operating conditions (pH, temperature, etc.),  was 
shown to produce high recoveries of above metals from Berkeley Pit acid mine water,  high purity 
metal precipitates  and an agriculturally usable water ( for irrigation purposes) that meets USEPA’s 
Gold Standard criterion. Information will be provided on the % recovery and purity of metals fom 
the four stage and six stage metal precipitator-settler reactors and on the quality of the water 
effluent. This metal SSP process is unique in that is not only intended for  treatment of the 
Berkeley Pit acid mine water as well as other acidic mine waters ( from other acid  mine water pits 
and effluents from acid mines) but it is also a remediation process based on metal resource and 
recycle. 
 
Several  biotreatment techniques for the treatment of sulfate utilizing SRB have been proposed in 
the past, however few of them have been practically applied to treat sulfate containing AMD. This 
research deals with development of an innovative polypropylene hollow fiber membrane  bioreactor 
system for the treatment of acid mine water from the Berkeley Pit  using hydrogen consuming SRB 
biofilms. The advantages of using the membrane bioreactor over the conventional tall liquid phase 
sparged gas bioreator systems are: large microporous membrane surface to the liquid phase; 
formation of hydrogen sulfide outside the memrane  preventing  mixing  with pressurized hydroge 
gas inside the membrane; no requirement of gas recycle compressor;  membrane surface is 
suitable for immobilization of active SRB, resulting  in formation of biofilms,  thus  preventing 
washout problems associated with suspended culture reactors; and lower operating costs  in 
membrane bioreactors, eliminating gas recompression an gas recycle costs. Information will br 
provided on sulfate reduction rate studies and on biokinetic tests with suspended SRB  in master 
culture reactors and with SRB biofilms in bench-scale SRB membrane reactors. Data will be 
presented also on the effect of sulfate loading rates in scale-up membrane units, under varied pHs 
and temperatures, to determine and optimize sulfate conversions for an effective AMD 
biotreatment.  Pilot-scale studies have generated data which indicate  that SRB membrane 
bioreactor systems  can be applied toward field-scale biotreatment of AMD and for a  recovery of  
high purity metals and a usable water. 
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An unconfined aquifer below a car-battery recycling plant in Troy, Alabama, is heavily 
contaminated with sulfuric acids and metals including Pb, Cd, Zn, Cu, and Fe.  This industrial site 
is analogous to natural acid mine drainage sites containing acidic, metals-laden groundwaters that 
are toxic to natural life and humans. Field experiments were conducted to demonstrate that 
indigenous bacteria can be stimulated to remove metals by injection of water-soluble nutrients into 
a shallow contaminated aquifer.  Our field data demonstrate that the indigenous sulfate reducing 
bacteria (SRB) were capable of anaerobically catalyzing sulfate reduction to form insoluble metal 
sulfide solids.   Genetic sequencing data indicate that injected nutrients initiated bacterial sulfate 
reduction by one principal species (Desulfosporosinus orientis) under highly acidic conditions. A 
reaction path model of sulfate reduction shows the Eh effects on mineral precipitation and pH 
controls on the sorption of different metals.  Our modeling results show that lead strongly adsorbs 
to hydrous ferric oxides (HFO) present in the aquifer over a wide pH range.  Both sorption and 
solid sulfide formation are important for removing lead.  Although modeling shows that the sorption 
of most metals is promoted as pH increases, HFO can only scavenge Zn, Cd, Co, and Ni at 
relatively neutral pH conditions.  Thus concentrations of our primary contaminants Zn and Cd 
attenuate in acidic conditions primarily via precipitation or co-precipitation of solid sulfide phase as 
Eh drops.  The modeling result explains why the Pb plume is retarded in migration with respect to 
the Cd plume under the acidic conditions at the site. Modeling results have implications for 
remediating other sites where anthropogenic or natural geochemical processes release heavy 
metals and contaminate water supplies. 
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Sulfate-reducing bacteria (SRB) play an important role in precipitation of heavy metals in natural 
waters and some wastewaters. Under anaerobic conditions, SRB utilize the sulfate ion during the 
oxidation of organic material, forming hydrogen sulfide that forms insoluble complexes with many 
heavy metals. For efficient treatment of waters containing heavy metals by SRB either in situ or ex 
situ, there must be sufficient knowledge of the toxicity of various heavy metals to SRB populations. 
In the present study, an SRB metal toxicity medium (MTM) that eliminates the formation of metal 
precipitates and minimizes metal complexation was developed to better understand the role of 
metal concentrations in SRB toxicity. At pH values from 6 to 8, with an increase in Pb(II) 
concentration, specific growth rates decreased and lag times increased. The minimum inhibiting 
concentration (MIC) of Pb(II) causing a complete inhibition in growth at pH 6 was 10 μM, as 
compared to 15 μM at pH 7.2 and 8. Using MTM, measured MIC values are 40 times lower than 
previously reported. Live/dead staining, based on membrane integrity, indicated that while Pb(II) 
and Cu(II) inhibited growth, these metals did not cause a loss of D. desulfuricans membrane 
integrity. In the presence of Cu(II), growth yields of D. desulfuricans G20 decreased significantly 
with increasing Cu(II) concentrations from 0 to 18 μM and no measurable growth was observed at 
30 μM Cu(II). Using MTM, the Cu(II) concentration causing 50% inhibition in final cell protein (IC50) 
was evaluated to be 16 μM which is 100 times lower than previously reported.  The results show 
that D. desulfuricans in the presence of Cu(II) follow a clearly different growth pattern than in the 
presence of Pb(II).  It is therefore likely that Cu(II) toxicity proceeds by a different mechanism than 
Pb(II) toxicity.  
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Mine waters and industrial effluents may contain high sulfate and metal concentrations and pose significant  
disposal problems that require urgent solution to avoid serious environmental contamination. In mine waters, 
sulfate and heavy metals such copper, nickel, cobalt, zinc and iron originate from the chemical or biological 
oxidation of exposed sulfide minerals. This presentation  describes the cobalt and nickel removal capacity of 
anaerobic granular sludge at different pH conditions and iron (II)  concentrations. Experimental equilibrium 
data obtained for nickel and cobalt have been analyzed by the Langmiur, Freundlich and Redlich-Peterson 
isotherm equations in order to determine which of them can better represent metal biosorption on sludge 
(van Hullebusch et al., 2003). Metal speciation techniques were used to determine which phases are 
involved in the binding of these metals. In the last few decades, several sequential extraction procedures 
have been developed, making it difficult to compare the results obtained by the different methods. Three 
extraction techniques (Tessier, Stover and the Bureau Communautaire de Reference (BCR)) were applied to 
two different anaerobic granular sludges. The objective of  this study was to determine whether the 
sequential extraction methods can provide useful  information on the distribution of trace (Co, Ni, Zn and Cu) 
and major elements (Mn and Fe) in anaerobic granular sludges. It was found that the distribution of heavy 
metals is strongly influenced by certain solid phases, although it was difficult to identify properly the different 
chemical forms of heavy metals. Sulphides fraction appears to be important scavenging phases of trace 
metals in anaerobic granular sludge. Moreover, under anaerobic conditions, sulphate reducing bacteria 
(SRB) oxidise simple organic compounds by utilising sulphate as an electron and generate sulphide (S 2- ). 
This biogenically produced sulphide can react with dissolved metals to form metal sulphide precipitates 
characterised by low solubility’s products. Metal removal efficiency was shown to be enhanced in 
sulphidogenic conditions. 
 
Van HULLEBUSCH E., ZANDVOORT M.H. and P.N.L. LENS, (2003), Nickel and Cobalt sorption 
on anaerobic granular sludges: kinetic and equilibrium studies, submitted to Journal of Chemical 
Technology and Biotechnology. 
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Ferrous Iron Oxidation by Leptospirillum ferrooxidans. 
 
R. Kleerebezem, J.G. Kuenen, and M.C.M. van Loosdrecht, Kluyver Laboratory for Biotechnology, 
TU Delft, 2628 BC Delft, The Netherlands, Email: R.Kleerebezem@tnw.tudelft.nl  
 
In order to investigate the interaction between the biological iron and sulfur cycle in acidic 
environments, we have conducted kinetic experiments in continuously stirred tank reactors 
(CSTR). Model organisms utilized are Leptospirillum ferrooxidans and Acidithiobacillus 
ferrooxidans. Contrary to A. ferrooxidans, L. ferrooxidans is not capable of oxidation of reduced 
sulfur compounds. 
 
The FeII oxidation kinetics by L. ferrooxidans and A. ferrooxidans have been investigated in 
dynamic CSTR experiments that allow for rapid and accurate determination of kinetic parameter 
values. By on-line measurement of oxygen and carbon dioxide in the off gas of the reactor, and the 
FeII:FeIII concentration ratio in the medium, mass balances for electron donor, acceptor and 
biomass can be established. As opposed to steady state measurements, we conducted 
experiments in CSTR’s that are operated at a variable dilution rate. This dynamic approach allows 
for kinetic parameter determination within a few day period. It furthermore enables quantitative 
measurement and subsequent modeling of the response of the system on short-term 
perturbations. 
 
The specific objective of the work presented here was to investigate the coupling between 
catabolism and anabolism in FeII-oxidizing cultures of L. ferrooxidans. Bioenergetic analysis of 
dynamic CSTR-data demonstrated that catabolism and anabolism are strictly stoichiometrically 
coupled, and therefor the process operates at a variable bioenergetic efficiency. The actual free 
energy dissipated per mole biomass formed is between 1800 and 3000 kJ C-mol-1 biomass 
depending on the actual concentrations FeII and FeIII in the medium. L. ferrooxidans, however, 
does have the capacity to uncouple catabolism and anabolism upon carbon dioxide limitation, or 
dosage of a membrane potential dissipating weak acid (propionic acid). This suggests that the 
organism is capable of uncoupling FeII respiration and biomass production, but is not able to 
optimize its bioenergetic efficiency of growth. 
 
The experimental methodology developed allowed for rapid kinetic characterization of L. 
ferrooxidans. It is significantly less laborious than steady state measurements in chemostat 
reactors, but lacks the disadvantages of rapidly changing conditions as obtained in batch 
experiments. It furthermore allows for direct identification of the response of the system on 
changes imposed to the system. In the near future we will use a comparable approach for 
measurement of mixed substrate (FeII and S) degradation in acidic environments. 
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The first large scale, 1,200 gpm capacity, sulfate reducing bioreactor (SRBR) was constructed in 
1996 at an underground lead mine in Missouri.  Other large scale SRBR systems have been built 
elsewhere since then.  This technology holds much promise for economically treating heavy metals 
and has progressed steadily from the laboratory to industrial applications.  Scale-up challenges 
include designing for: seasonal temperature variations, minimizing short circuits, changes in metal 
loading rates, storm water impacts, and resistance to vandalism.   However, the biggest challenge 
may be designing for the progressive biological degradation of the organic substrate and its effects 
on the hydraulics of the SRBR cells. 
 
Due to the wide variability of the organic materials that may be locally available at economical 
costs, the design of organic substrate SRBR systems is not and may never become a “cookbook” 
approach.  Balancing geochemical requirements with intuitive physical resistance to organic decay 
currently plays a large role in the large scale system design process.   
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A respirometric method has been developed to measure hydrogen utilization by sulfate reducing 
bacteria (SRB).  One application of this method has been to test inhibitory metals effects on the 
SRB culture used in a novel acid mine drainage treatment technology.  As a control parameter for 
that technology, it is necessary to know the metal concentration that has either an inhibitory or 
toxic effect on the bacteria both alone and in the acid mine waste matrix. 
 
An enrichment culture of SRB was developed that is mixotrophic, utilizing carbon dioxide (CO2) 
and acetate as the carbon sources and hydrogen (H2) as the electron donor for the conversion of 
sulfate to hydrogen sulfide (H2S).  Respirometers (NCON Systems Inc.) were adapted to measure 
H2 uptake.  Hydrogen uptake by SRB is similar to the uptake of oxygen in aerobic cultures in that it 
causes the production of another gas, H2S in the former case and CO2 in the latter.  Produced 
biogenic H2S is removed with a zinc acetate trap, analogous to an alkaline trap for CO2 in aerobic 
respirometry.  In the case of H2 respirometry,  CO2 is retained in the headspace.  Respirometry can 
differentiate between either a toxic effect (suppression of hydrogen uptake) or an inhibitory effect 
(evidenced by an  increased lag time relative to a control.)   
 
Metal complexation can be a problem in testing inhibition effects because most bacteriological 
media contain components which can form metal complexes, thereby reducing the metal 
bioavailability.  The culture media formulated by Sani et al. (Advances in Environmental Research 
5 (2001) 269-276) was modified for use with this culture.  Metal complexation was reduced by 
replacing orthophosphate with tryptone and PIPES for pH control.  
 
Respirometric data; metal, sulfate, and sulfide concentrations; and biomass measurements show 
that soluble zinc has an inhibitory effect between 10 and 25 ppm and soluble copper is inhibitory 
between 1 and 17 ppm.  The toxic level for zinc is 50 ppm and for copper is 27 ppm. 
 
Phytoremediation 
 
Phytoremediation of Arsenic Contaminated Groundwater using an Arsenic Hyperaccumulating 
Fern Pteris vittata L 
Lena Q. Ma, University of Florida, Gainesville, FL 
M.S. Tu, and A.O. Fayiga, University of Florida, Gainesville, FL 
Robert H. Stamps, University of Florida, Apopka, FL 
Edward J. Zillioux, Florida Power & Light Company, Juno Beach, FL 
 
Fate of Volatile Compounds In Phytoremediation Applications 
Joel G. Burken, University of Missouri Rolla, Rolla, MO 
Amanda W. Gilbertson, University of Missouri Rolla, Rolla, MO 
Garrett C. Struckhoff, University of Missouri Rolla, Rolla, MO 
Xingmao Ma, University of Missouri Rolla, Rolla, MO 
 
Influence of Cultivation Conditions and Nutrient Stress on the Exudation of Organic Acid and 
Uptake of Weathered p,p’-DDE- by Zucchini and Cucumber 
Xiaoping Wang, The Connecticut Agricultural Experiment Station, New Haven CT 
Jason C. White, The Connecticut Agricultural Experiment Station, New Haven CT 
Martin P.N. Gent, The Connecticut Agricultural Experiment Station, New Haven CT  
MaryJane Incorvia Mattina, The Connecticut Agricultural Experiment Station, New Haven CT 
Lydia T. Wagner, The Connecticut Agricultural Experiment Station, New Haven CT 
 
Field Evidence for Plant-Enhanced PAH Degradation and Implications for Monitoring 
C.M. Reynolds, U.S. Army Engineer Research and Development Center 
L. B. Perry, ERDC-CRREL, Hanover, NH 
K. L. Foley,  ERDC-CRREL, Hanover, NH 
D. B. Ringelberg, ERDC-CRREL, Hanover, NH 
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Phytoremediation of Petroleum Hydrocarbon Contaminated Soil:  Results from RTDF Cooperative 
Field Tests 
Peter A. Kulakow, Kansas State University, Manhattan, KS   
Xiujuan Feng, Kansas State University, Manhattan, KS   
 
Recent Advances in Arsenic Phytoremediation  
Charissa Y. Poynton, Edenspace Systems Corporation, Dulles, VA   
Mark P. Elless, Edenspace Systems Corporation, Dulles, VA   
Michael J. Blaylock, Edenspace Systems Corporation, Dulles, VA   
 
Phytoremediation of Lead and Zinc Contaminated Soils using Mirabilis jalapa 
Prof. Alessandra Carucci, University of Cagliari, Cagliari, Italy 
Alessia Cao, University of Cagliari, Cagliari, Italy 
Giuseppe Fois, University of Cagliari, Cagliari, Italy 
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Phytoremediation of Arsenic Contaminated Groundwater using an Arsenic Hyperaccumulating 
Fern Pteris vittata L 
 
Lena Q. Ma, Soil and Water Science Department, University of Florida, Gainesville, FL 32611-
0290 
Tel: 352-392-9063 ext 208, Fax: 352-392-3902, Email:lqma@ufl.edu 
M.S. Tu, and A.O. Fayiga, Soil and Water Science Department, University of Florida, Gainesville, 
FL 32611-0290 Tel: 352-392-1951, Fax: 352-392-3902 
Robert H. Stamps, Mid-Florida Research and Education Center, University of Florida, Apopka, FL 
32703-8504 Tel: 407-884-2034 x164, Fax: 407-814-6186 
Edward J. Zillioux, Florida Power & Light Company, Juno Beach, FL 33408, Tel: 561-691-7063 
Fax: 561-691-7070 
 
Arsenic is of great environmental concern due to its extensive contamination and carcinogenic 
toxicity.  The fact that the standard for arsenic in drinking water recently has been reduced from 50 
to 10 ppb by the USEPA makes it more urgent to develop reliable and cost-effective technologies 
capable of reducing arsenic in groundwater to environmentally acceptable levels. Phytoremediation 
of arsenic-contaminated groundwater is a relatively new idea and its viability is still unknown.  In 
this experiment, an arsenic hyperaccumulating fern, commonly known as Chinese Brake fern 
(Pteris vittata L.), was grown hydroponically to examine its effectiveness for arsenic removal from 
groundwater.  The groundwater sample was collected from a utility sub-station located in south 
Florida, which was contaminated from herbicide application in the past.  Chinese Brake fern was 
effective in removing arsenic from groundwater. A plant grown in 600 ml of groundwater was able 
to reduce arsenic from 46 to below 10 ppb in three days. Supplement of P-free Hoagland nutrition 
to the groundwater did not change its effectiveness of arsenic uptake, but addition of P-containing 
Hoagland nutrition significantly reduced its arsenic uptake rate.  Young fern plants were more 
efficient in removing arsenic than older fern plants. The study suggested that Chinese Brake fern 
has the potential to be used to effectively remove arsenic from groundwater.  In addition to the 
laboratory studies, preliminary results from a field demonstration currently underway will be 
presented. 
 
Fate of Volatile Compounds In Phytoremediation Applications 
 
Joel G. Burken, Room 224, Department of Civil, Architectural & Environmental Engineering,  
University of Missouri Rolla, Rolla, Missouri 65409, Tel: 573-341-6547, Fax: 573-341-4729 
Amanda W. Gilbertson, Room 311, Department of Civil, Architectural & Environmental 
Engineering, University of Missouri Rolla, Rolla, Missouri 65409, Tel: 573-341-6405, Fax: 573-341-
4729 
Garrett C. Struckhoff, Room 310, Department of Civil, Architectural & Environmental Engineering, 
University of Missouri Rolla, Rolla, Missouri 65409, Tel: 573-341-6405, Fax: 573-341-4729 
Xingmao Ma, Room 201, Department of Civil, Architectural & Environmental Engineering 
University of Missouri Rolla, Rolla, Missouri 65409, Tel: 573-341-6405, Fax: 573-341-7217 
 
Use of unique sampling techniques has lead to a new understanding regarding the fate of volatile 
organic compounds (VOCs) in phytoremediation systems.  Tissue sampling and diffusion traps 
were used to determine how VOCs are transported in and diffuse from vegetation, particularly 
woody species.  These techniques were then utilized to observe how plants interact with different 
contaminated media, showing different transport if the contamination is primarily in the vadose 
zone (vapor phase) or in the saturated zone (aqueous phase).  Data was gathered in laboratory 
studies, in native vegetation, and in engineered phytoremediation systems.  Findings reveal that 
diffusion from the xylem tissues to the atmosphere is a major fate for VOCs in phytoremediation 
applications.  These techniques were also utilized to observe the impact of engineered 
plant/microbe systems, which utilize recombinant, root-colonizing organisms to selectively degrade 
compounds and subsequently alter the fate of VOCs and other organic compounds.   
 
 
Influence of Cultivation Conditions and Nutrient Stress on the Exudation of Organic Acid and 
Uptake of Weathered p,p’-DDE- by Zucchini and Cucumber 
 
Xiaoping Wang, Department of Soil and Water, The Connecticut Agricultural Experiment Station, 
123 Huntington Street, New Haven CT 06504, Tel: 203-974-8530, Fax: 203-974-8502 
Jason C. White, Department of Soil and Water, The Connecticut Agricultural Experiment Station, 
123 Huntington Street, New Haven CT 06504, Tel: 203-974-8523, Fax: 203-974-8502 
Martin P.N. Gent, Department of Forestry and Horticulture,  The Connecticut Agricultural 
Experiment Station, 123 Huntington Street, New Haven CT 06504, Tel: 203-974-8489, Fax: 203-
974-8502 
MaryJane Incorvia Mattina, Department of Analytical Chemistry, The Connecticut Agricultural 
Experiment Station, 123 Huntington Street, New Haven CT 06504, Tel: 203-974-8449 
Fax: 203-974-8502 
Lydia T. Wagner, Department of Soil and Water, The Connecticut Agricultural Experiment Station, 
123 Huntington Street, New Haven CT 06504, Tel: 203-974-8487, Fax: 203-974-8502 
 
Previous field studies from our laboratory indicate that zucchini and cucumber are good and  poor 
accumulators, respectively, of persistent organic pollutants from soil.  We have hypothesized that 
exuded organic acids facilitate the uptake of persistent organic pollutants by increasing 
contaminant bioavailability to the plants.  The objective of this study was to compare DDE uptake 
and organic acid exudation by zucchini and cucumber under various cultivation and nutrient 
conditions.  When grown under dense planting conditions (3 plants in a 5-kg pot of DDE-
contaminated soil), zucchini accumulated significant and expected amounts of DDE with a BCF 
(bioconcentration factor, the ratio of DDE concentration in plant tissue to that in soil) of 17 for roots 
and 8 for stems. Suprisingly, under these stressed conditions, cucumber accumulated greater DDE 
in the roots with a BCF of 33, but translocation to aboveground tissues was negligible.  The typical 
root BCF for cucumber species grown under field conditions is usually less than 1.  The 
concentrations of citric, malic, formic and acetic acids in the rhizosphere soil of cucumber was 
significantly higher than that of zucchini, suggesting that the increased DDE uptake by cucumber 
was likely due to increased organic acid exudation under nutrient stressed conditions.    Under 
these dense planting conditions, cucumber developed an extensive fibrous root system that has 
not been observed under field conditions. When analyzed separately, the DDE concentration in 
cucumber fine roots s was six times greater than the concentration in the composited root system.  
The role of cultivation conditions and nutrient availability in controlling root morphology, organic 
acid exudation, and contaminant uptake is currently being assessed. 
 
Field Evidence for Plant-Enhanced PAH Degradation and Implications for Monitoring 
 
C.M. Reynolds, Research Scientist, U.S. Army Engineer Research and Development Center, Cold 
Regions Research and Engineering Laboratory  (ERDC-CRREL), 72 Lyme Road, Hanover, NH 
03755-1290, Tel: 603 646 4394, Fax: 603 646 4561, Email:  reynolds@crrel.usace.army.mil 
L. B. Perry, Lead Research Technician, ERDC-CRREL, 72 Lyme Road, Hanover, NH 03755-1290 
Tel: 603 646 4624, Fax: 603 646 4561 
K. L. Foley, Research Technician, ERDC-CRREL, 72 Lyme Road, Hanover, NH 03755-1290 
Tel: 603 646 4563, Fax: 603 646 4561 
D. B. Ringelberg, Research Microbiologist, ERDC-CRREL, 72 Lyme Road, Hanover, NH 03755-
1290, Tel: 603 646 4744, Fax: 603 646 4561 
K. J. McCarthy, Research Scientist, Battelle, 397 Washington Street, Duxbury, MA  02331 
Tel: 781 934-0571 
 
Rhizosphere-enhanced remediation can be attractive treatment alternative, yet determining if 
contaminant concentrations are decreasing at field site is difficult. Relatively slow rates of PAH 
degradation and their spatial variability in soil exacerbate the problem. We conducted replicated, 
factorial field demonstrations at six locations in wide-ranging climates. Main factors were 
vegetation and fertilizer. Vegetation was either annual ryegrass (Lolium multiflorum) or a mixture of 
grasses (Lolium sp. and Festuca sp.) and clover (Trifolium sp.). Locally available agricultural 
fertilizer was used at each site. We used both GC-FID and GC-MS techniques to obtain both “raw” 
and biomarker-normalized depletions of total petroleum hydrocarbons (TPH), fraction specific 
hydrocarbons (FSH), and individual petroleum compounds, primarily polynuclear aromatic 
hydrocarbons (PAH) 
 
At all sites, spatial heterogeneity of initial petroleum concentrations varied widely. Using either raw 
TPH or biomarker-normalized TPH as a monitoring variable we observed a fertilizer main effect in 
some cases, yet TPH-based monitoring generally did not show a vegetation effect. However, using 
biomarker-normalized PAHs we observed positive vegetation effects and fertilizer-vegetation 
interactions. Vegetation effects generally were more pronounced as PAH molecular weight 
increased. Fertilizer alone resulted in less reduction of heavier PAHs relative to vegetated 
treatments and, in some cases, relative to the non-fertilized, non-vegetated treatment.  
 
TPH-based monitoring generally was not sufficiently selective to observe treatment effects and 
interactions. These field data, covering a wide range of climatic conditions, are further evidence 
that rhizosphere-enhanced remediation benefits are more pronounced for recalcitrant organics, 
such as PAHs, compared to more readily biodegradable compounds. These data demonstrate the 
importance of selecting monitoring techniques that are tailored to measure the processes that are 
occurring rather than using less specific monitoring parameters such as TPH.  Although 
rhizosphere-enhanced remediation is an attractive treatment in many respects, short term 
monitoring is difficult and requires knowledgeable selection and application of appropriate 
monitoring tools. 
 
Phytoremediation of Petroleum Hydrocarbon Contaminated Soil:  Results from RTDF Cooperative 
Field Tests 
 
Peter A. Kulakow, Department of Agronomy, 2004 Throckmorton Plant Science Center, Kansas 
State University, Manhattan, KS  66506-5501, Tel:785-532-7239, Fax:  785-532-6094, Email:  
kulakow@ksu.edu 
Xiujuan Feng,  Department of Statistics, 101 Dickens Hall, Kansas State University, Manhattan, KS  
66506, Tel: 785-532-7239, Fax: 785-532-7736, Email:  fengxj@ksu.edu  
 
Cooperative field trials have been in progress since 1998 to test phytoremediation of weathered 
petroleum hydrocarbon contaminated soils as part of the Remediation Technologies Development 
Forum.  Participants in the trials include USEPA, Environment Canada, US Department of 
Defense, petroleum and utility corporations, universities, and environmental consultants.  Thirteen 
test locations include refineries, former manufactured gas plants, spill sites, motor vehicle wastes, 
and oil production sites.  The purpose of the trials is to determine if there is evidence that 
vegetation enhances progress toward meeting practical environmental management objectives for 
petroleum sites within a three-year period?  A standardized experimental protocol with site-specific 
adjustments was developed recognizing that changes in hydrocarbon concentrations are likely to 
be slow and subtle, contaminant distribution in the soil is variable, and monitoring will be needed of 
a long time.  Most locations included three treatments:  an unvegetated control, a cool-season 
grass/legume mixture, and a locally selected treatment of native plants or trees.  Laboratory 
analyses included estimation of total petroleum hydrocarbons, polycyclic aromatic hydrocarbons, a 
hopane biomarker, and petroleum hydrocarbon fractions by the TPH criteria working group 
method.  Eleven locations have completed the planned three-year trial period.  Statistical analyses 
showed that observable effects of vegetation treatments on hydrocarbon concentrations varied 
among locations.  Some locations showed strong positive effects of vegetation treatments while 
others did not show evidence of treatment differences.  High variability, especially at refinery sites, 
decreased the ability to detect treatment differences.  Conclusions and lessons learned will be 
discussed.  Appropriate applications of phytoremediation for petroleum sites will depend on 
contaminant composition, local conditions, and site-specific environmental management 
objectives.   
 
Recent Advances in Arsenic Phytoremediation  
 
Charissa Y. Poynton, Mark P. Elless and Michael J. Blaylock, Edenspace Systems Corporation, 
15100 Enterprise Court, Suite 100, Dulles, VA  20151, Tel:  703 961 8700, Fax:  703 961 8939 
 
The health risks of arsenic (As) are now well documented, causing problems such as various 
cancers and adversely affecting the immune system.  Arsenic occurs naturally in certain rocks, 
soils and the water in contact with them, but it has also been elevated anthropogenically, in 
particular from mining activities and from extensive application of As containing herbicides and 
insecticides in the late 19th and first half of the 20th centuries.   
The recent discovery of a fern, Pteris vittata, which hyperaccumulates As raises the possibility of 
in-situ phytoremediation of contaminated soils, rather than the costly alternative of excavation and 
disposal of topsoil.  This fern can accumulate As in its fronds up to 21 g / kg after 6 weeks in soil 
contaminated with 0.5 g / kg As.  Phytoextraction of As from various soils and the effect of altering 
the soil pH by liming and different plant spacings have been examined, using several species 
within the Pteris genus in both laboratory and field studies. 
The national standard for As in drinking water has recently been lowered from 50 to 10 μg / L, 
focusing attention on this health issue.  Pteris ferns may also be used to remove As from water by 
phytofiltration.  During the optimization of this technology, the effect of source water quality (pH, 
dissolved ions, As oxidation state), Pteris species, as well as growth and operating conditions on 
efficiency of As uptake have been investigated. 
The results of recent technology advances will be presented, including methods to treat the 
biomass produced to allow low-cost disposal as non-hazardous material. 
 
PHYTOREMEDIATION OF LEAD AND ZINC CONTAMINATED SOILS USING MIRABILIS 
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The mining district of Montevecchio-Ingurtosu is located in the SW of Sardinia and, in the last 150 
years, has played a major role in the regional economic wealth, for the intense mining production 
during the exploitation of the Pb-Zn ore. When mining activity ceased no practical measures were 
taken in order to limit the dispersion of contaminants in soils and rivers. 
The wide extension of the contaminated area makes the use of traditional remediation techniques 
too costly. Among the new reclamation techniques phytoremediation is of growing interest because 
of the low environmental impact and cost-effectiveness.  
 
This study has the aim to test phytoremediation using soils obtained by diluting the highly 
contaminated soil found in the area near Riu Sitzerri, 20 km downstream Picalinna tailing dam, with 
vegetative soil and compost. 
 
A preliminary study was made in order to find a plant to be used for the experiment and Mirabilis 
jalapa was selected for its capacity to accumulate concentrations of 1.5% of Pb in shoots 
(Kambhampati and Williams, 2001). 
 
The experiment was divided into two parts. During the first part Montevecchio soils were diluted 
with vegetative soils with a dilution factor 4 and 8 (600-1700 ppm Zn; 5700-19000 ppm Pb). In the 
second part Mirabilis jalapa was planted in soils artificially contaminated with different Zn (500 
ppm, 1000 ppm, 2000 ppm) and Pb concentrations (400 ppm, 600 ppm, 800 ppm). Every 
experiment was made using two replicates. Each part of the experiment lasted four months. 
 
Soil total and bioavailable metal concentrations were determined before and after the experiment, 
while plant metal concentrations were determined every month during the experiment using both a 
total and a sequential extraction method (Morrison et al., 1981). 
 
In order to evaluate their influence in the phytoextraction process also mycorrhyzal frequency and 
structure and activity of microbial populations were analysed during the experiment (Kamnev and 
van der Lelie, 2000). 
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CCA: Regulatory History and Current Status 
 
R.K. Sharma, PhD, Arch Chemicals, Inc, PO Box 5204, 501 Merritt 7, Norwalk, CT 06856, Tel: 
203-229-2606, Fax: 203-229-2613 
 
Chromated Copper Arsenate (CCA) has had a safe history of use as a wood preservative for the 
last 75 years. CCA is a mixture of the oxides of arsenic, chromium and copper which, following 
vacuum pressure treatment, form a relatively insoluble “complex” with wood.  In the US, CCA 
formulations are one of three types that conform to the American Wood-Preservers’ Association 
(AWPA) standards.  CCA Type C, the principal formulation used to treat timbers, utility poles, 
piling, plywood and lumber, is a dilute aqueous solution (2% CCA) of arsenic pentoxide, chromium 
trioxide and copper oxide.  
 
Studies on the CCA complex indicate that the arsenic and chromium are both bound to 
constituents in the wood matrix.  Recent studies on the bioavailability of dislodgeable CCA 
complex, obtained from the surface of treated wood, indicate that it is poorly absorbed via the oral 
and dermal routes.  This is in contrast to inorganic arsenic alone which is more readily absorbed.  
The US Environmental Protection Agency (EPA) regulates the sale, distribution and use of CCA 
under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA).  As part of its “reregistration 
program” for all pesticides, EPA is currently reviewing CCA. 
 
In February 2002, wood preservative manufacturers amended their respective registrations with 
the EPA to transition to a new generation of wood preservatives for use in non-industrial treated 
wood products by December 31, 2003.  This step was taken in light of current interest and 
anticipated market demand for alternative products. EPA is currently reviewing CCA under two 
separate risk assessments. One risk assessment is specifically considering children's exposure at 
residential sites, playground settings and public parks. The other risk assessment, being 
conducted under the Agency's reregistration program, focuses on the industrial uses of CCA that 
will continue.   
 
The U.S. Consumer Product Safety Commission (CPSC) held a Commission Briefing on March 
17/18, 2003 to consider a petition filed by two environmental groups to ban the use of CCA 
pressure-treated wood in playground equipment. The staff presented a report to the 
Commissioners that contained a risk assessment which purports to show an increased risk of 
bladder and lung cancer for children who play on play sets made with CCA treated wood.  The 
CPSC staff recommended that the Commissioners defer action on the petition, pending finalization 
of EPA review.  The CPSC Commissioners have yet to vote on the petition.   
 
 
EXAFS Investigation of Cr and As in CCA Treated Materials 
 
Dr. Peter S. Nico, Department of Chemistry, California State University, Stanislaus, 801 West 
Monte Vista Ave, Turlock, CA 95382 
Dr. Scott E. Fendorf, Geological and Environmental Sciences, Stanford University, Stanford, CA 
94301 
 
The forms of Chromium and Arsenic in Chromated Copper Arsenate (CCA) treated materials were 
examined through bulk Extended X-ray Absorption Fine Structure (EXAFS) spectroscopy.  The 
sample set consisted of new CCA treated wood, aged CCA treated wood, and the dislodgable 
residue from aged CCA treated wood.  No significant differences between the three samples were 
observed in either the Cr or As EXAFS.  Based on edge position and lack of pre-edge features, it 
was concluded that the Cr was present in the Cr(III) oxidation state whereas the As was present as 
As(V). 
 
The As EXAFS indicated the presence of an oxygen shell containing approximately 4 atoms at a 
distance of 1.68 A, which is indicative of As(V).  There was also a second shell Cr backscatter at 
approximately 3.28 A.  The Cr EXAFS was more complex indicating not only a nearest neighbor 
oxygen shell at approximately 1.99 A, but also three different second shell backscatters: As at 3.28 
A, Cr at 3.50 A, and C at 2.99 A. 
 
The presence of a Cr backscatter in the Cr EXAFS suggests that the Cr is present as a dimer.  
This dimer appears to be bound to As and simultaneously bound to some carbon containing ligand.  
Presumably this ligand is part of the wood structure. 
 
A micro-EXAFS map of the Cr, Cu, and As distribution in the aged wood sample was also 
obtained. This map showed a very uniform distribution of the three elements through out the wood 
samples confirming the absence of any Cr-As crystallites. 
 
Arsenic and Speciated Chromium Levels in Soil Surfaces Near Treated Wood Playscapes 
 
John H. Butala, MS DABT, Toxicology Consultants, Inc., Gibsonia, PA  
 
Four playgrounds in eastern and western United States were sampled to characterize soil surface 
around CCA pressure treated wood play structures.  Soil surface samples were evaluated for the 
metal components of CCA as well as hexavalent chromium and water-soluble arsenic. Site-wide 
concentrations and site-specific background levels of the analytes were determined.  
  
Samples of the playscape base material (soil or wood chips) at the base of playground equipment 
were collected at each playground.  Sixteen samples were collected per playground in a grid 
pattern to assess site-wide concentrations; 12 samples were collected per playground in a linear 
pattern in the general direction of water runoff from CCA pressure treated wood support structures 
to assess impacts from leaching; and 4 background samples were collected per playground at 
locations outside the areas considered to be affected by the CCA pressure treated wood 
structures. 
All samples were analyzed for total metals (As, Cr, Cu) using Inductively Coupled Plasma 
spectroscopy (ICP).  A minimum of ten percent of the samples were subjected to the Synthetic 
Precipitation Leaching Procedure (SPLP) extraction method and analyzed by USEPA Method 
6010A analysis to estimate the water-soluble fraction of arsenic in the base material. 
 
Total arsenic and copper concentrations were elevated above site background at two sites, total 
chromium was elevated above site background at three sites but the concentrations of all CCA 
metals were well within naturally occurring regional background levels for arsenic, chromium and 
copper.       
No relationship was evident in metal concentrations verses distance from treated wood structures.    
 
No detectable CrVI was found at three of the sites (limit of detection for CrVI in these matrices was 
0.39-2.0 ppm), and at the fourth site where the ground cover was wood chips, 8 of 32 samples 
contained CrVI but only one was above site background levels. 
The calculated percent of arsenic in the form of water-soluble arsenic varied at each playground.  
For background levels, the range was from zero to 104%, and for soil surfaces at playscape 
equipment the range was zero to 15%, indicating a reduced arsenic bioavailability. 
Does Disposed CCA-Treated Wood Influence Arsenic or Chromium Concentrations in Subsurface 
Drinking Water Supplies?   
 
Jennifer K. Saxe and Eric J. Wannamaker, Gradient Corporation, 238 Main Street, Cambridge, MA 
0214 
 Tel: 617-395-5000, Fax: 617-395-5001 
 
The recent decrease in the arsenic drinking water maximum contaminant level (MCL) has 
heightened scrutiny of natural and anthropogenic arsenic contributions to subsurface drinking 
water supplies.  Chromium is another element for which potential human health concerns have 
been raised when it is detected at sufficient levels in drinking water.  Wood preserved with 
chromated copper arsenate (CCA) is widely used in Florida and commonly disposed of in unlined 
landfills.  We examined regulatory groundwater monitoring data for evidence of arsenic and 
chromium migration from unlined construction and demolition (C&D) debris landfills in Florida.  
Florida was chosen because soil, groundwater, landfill design, weather, and levels of CCA-treated 
wood use make the state a uniquely sensitive indicator for observing arsenic and chromium 
migration from CCA-treated wood disposal sites, should it occur.  We developed and quality-
checked a CCA-treated wood disposal model to estimate the amount of wood and associated 
arsenic and chromium disposed in unlined landfills.  The model indicates that by 2000, an 
estimated 13 million kg of arsenic and 30 million kg of chromium in CCA-treated wood were 
disposed in Florida.  However, groundwater monitoring data do not indicate that arsenic or 
chromium is migrating from unlined C&D landfills.  This suggests that even under conditions 
conducive to observing CCA-treated wood influences to arsenic and chromium concentrations in 
groundwater, groundwater impacts are not observed, for reasons that may include the stability of 
these elements in the wood matrix and the assimilatory capacity of other landfilled wastes and 
underlying soil.   
Hand-Wipe Sampling of CCA-Treated Wood with Comparison to CPSC Hand-Wipe Study 
 
W. F. Gutknecht, Ph.D., W. C. Eaton, Ph.D., J. F. Nichol, B.S., C. A. Salmons, B.S., M.S.P.H., C. 
V. Wall, B.S., F. X. Weber, B.S., W. G. Winstead, Jr., B.S., Research Triangle Institute (RTI) 
Research Triangle Park, NC  27709 
 
A potential for exposure (i.e., incidental ingestion and dermal contact) to dislodgeable metal 
complex exists because most of the outdoor wooden decks and play structures in the U.S. are 
constructed from CCA-preserved wood.  This study was performed to provide a reliable estimate of 
the amounts of metal complex removed via hand contact with treated deck wood surfaces.  In 
addition to studies of direct hand exposure, cloth wipe procedures were performed to derive a 
reliable transfer reduction factor (TRF) to more accurately relate the amount of metals dislodged 
using commonly employed wipe procedures to the amount removed by the adult hand. 
 
A pilot study was first performed to:  (1) develop methods for collection of deck boards from the 
field; (2) optimize and standardize block wipe and hand rub sampling techniques based on those 
used by the Consumer Product Safety Commission (CPSC) in a similar study; and (3) develop 
sample digestion and chemical analysis methods for total CCA and for Cr(VI).  A mini-study was 
conducted using the techniques developed in the pilot study to test the efficacy of these 
procedures.  The mini-study included eight volunteers for hand sampling and approximately 120 
board samples (coupons) cut from five decks.  Using the methods found acceptable in the mini-
study, a full study was performed that included 21 volunteers and approximately 750 coupons cut 
from recently-treated wood and 20 decks. 
 
The CPSC conducted several studies using very similar techniques; for example, the block used 
by RTI was square while block used by CPSC was round, but both weighed 1,100 g.  Also, hand 
rubbing was performed by both groups with a 1,100-g weight placed on the back of the hand. 
 
RTI and CPSC obtained similar results for block wipe and hand loading.  For example, the block 
wipe loading for arsenic (As) for the RTI mini- and full studies combined (720 samples) ranged 
from 23 µg/wipe to 695 µg/wipe, whereas the range for the CPSC Phase IV study  (108 samples) 
ranged from 30 µg/wipe to 496 µg/wipe; the hand loading found by RTI ranged from about 0.27 
µg/hand to 306 µg/hand while CPSC reported a range of 1.0 µg/hand to 20.9 µg/hand in their 
Phase III study (32 samples); the mean As value for the RTI combined studies was 8.5 µg/hand 
compared to 7.7 µg/hand for the CPSC Phase III study.  As noted, there is wide variation in the 
ranges for the hand results.  This is considered due to the wide variation in available dislodgeable 
material between decks and from board to board within a given deck.  TRF values have been 
calculated and statistical analyses performed. 
 
In summary, reliable estimates of the amounts of CCA material transferred from board to hand 
have been determined in a large scale study, along with estimates of the amounts transferred to a 
wipe and the relationship between these two types of sampling. 
Relative Bioavailability of Arsenic from Soil Affected by CCA-treated Wood and 
Dislodgeable Arsenic from CCA-treated Wood Collected from Residential Structures  
 
Stan W. Casteel, Tim J. Evans, Margaret A. Miller, Sue E. Turnquist  
 
A juvenile swine model was used to measure the enteric absorption of arsenic from soil adjacent to 
chromated-copper-arsenate (CCA)-treated wood utility poles placed in service in 1988. In a second 
study the swine model was used to measure the enteric absorption of arsenic from dislodgeable 
material obtained from the surface of weathered (1-3 years) residential structures constructed with 
CCA-treated wood.  The relative bioavailability of arsenic was assessed by comparing the 
absorption of arsenic from the test material (utility pole soil and dislodgeable material) to that of a 
reference material (sodium arsenate).  The study was performed within the spirit and guidelines of 
Good Laboratory Practices and followed a protocol reviewed by the USEPA. 
 
The arsenic concentrations in the test materials were 320 μg/g in the utility pole soil and 3500 ug/g 
in the dislodgeable material (dislodgeable material was a composite obtained from several boards, 
as individual boards only produce minute quantities).  In each dosing trial, groups of five semi-
fasted swine were orally dosed with sodium arsenate (0, 30, or 60 ug/kg/day) or test material (30, 
60, or 120 ug/kg/day) twice a day for either 12 (dislodgeable material) or 15 (soil) days.  The 
amount of arsenic absorbed by each pig was evaluated by measuring the amount of arsenic 
excreted in the urine (as measured on days 6 to 7, 8 to 9 and 10 to 11) during 48 hour collections.  
The urinary excretion fraction (UEF) (the ratio of the amount excreted in 48 hours divided by the 
dose administered in 48 hours) was calculated for sodium arsenate and the test material using 
linear regression analysis.  The relative bioavailability (RBA) of arsenic in the test material 
compared to that in sodium arsenate was calculated as: 
 
RBA
UEF test material
UEF sodium arsenate
= ( )
( )
 
 
The results are summarized below: 
 
Material Administered UEF ± SEM (N) RBA (90% CI) 
Sodium Arsenate (soil study 
reference material) 
0.680 ± 0.048 (30) [1.00] 
Utility Pole Soil (test material) 0.331 ± 0.025 (30) 0.49 (0.41-0.58) 
Sodium Arsenate (dislodgeable 
study reference material) 
0.81 ± 0.034 (45) [1.00] 
Dislodgeable Arsenic (test material) 0.233 ± 0.009 (60) 0.29 (0.26-0.32) 
 
 SEM = Standard error of the mean 
 N = Number of data points used in curve fitting 
 CI = Confidence interval 
 
Using sodium arsenate as a soluble reference form of arsenic in each independent study, the RBA 
estimates for both test materials (49% for soil and 29% for dislodgeable material) are significantly 
lower than the default value of 80%-100% that is employed when reliable site-specific data are 
lacking.  This demonstrates that the absorption of arsenic from the test materials is significantly less 
than soluble forms of arsenic.  Use of these data will improve the accuracy of risk estimates for 
humans who may incidentally ingest soil adjacent to CCA-treated wood or dislodgeable material from 
CCA-treated wood structures. 
 
Dermal Absorption of Arsenic from Residues on CCA-Treated Wood 
 
Yvette Lowney and Mike Ruby, Exponent, Boulder, CO 
Ronald Wester, University of California, San Francisco, CA 
Stewart Holm and Xiaoying Hui, Georgia-Pacific, Atlanta, GA 
 
In their December 2001 final report, the Federal Insecticide, Fungicide, and Rodenticide Act 
Scientific Advisory Panel (SAP) that evaluated U.S. EPA’s assessment for children’s exposure 
from contact with CCA-treated wood and soil recommended:  “In view of the limitations of the 
research on which this (the dermal absorption value for arsenic) evaluation was based, the Panel 
considered that there was an urgent need for further research on skin absorption of CCA residues, 
employing the form of the arsenic found in dislodgeable residues and soil from CCA-treated 
installations.”  The research reported herein evaluated the dermal absorption of arsenic from 
residues present on the surface of CCA-treated wood. 
In the absence of any data specific to CCA, assumptions for dermal absorption of arsenic from 
CCA-treated wood were based on data from Wester (1993).  The Wester study was based on 
dermal application of radiolabeled, soluble arsenic, and soluble arsenic mixed with soil.  The use of 
radiolabeled arsenic eliminated the potential for background urinary arsenic levels o mask low-level 
absorption from the dermal applications.  However, the primary limitation of the 1993 study for 
evaluating absorption of arsenic from dislodgeable residues on CCA-treated wood is the use of 
soluble arsenic—the study did not address absorption from complex environmental matrices.  The 
research reported herein used methods developed for soil bioavailability studies that are planned 
to evaluate arsenic absorption following environmental exposure.  The methods parallel those of 
Wester (1993), with modifications in the surface area of application and dietary intake of arsenic.  
These modifications maximize the potential for detection of dermally absorbed arsenic in exposed 
animals above background levels. 
Two forms of arsenic were administered in this work.  The first, arsenic in solution, was applied to 
the skin of monkeys to calibrate the model against prior absorption research and to serve as the 
basis of comparison for absorption of arsenic from CCA residues (i.e., identify the absorption 
relative to soluble arsenic).  The second research substrate was residue collected from the surface 
of CCA-treated wood.  This paper describes the research methods, test materials, and results, 
expressed as dermal absorption of arsenic from CCA residues relative to dermal absorption of 
soluble arsenic. 
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An Overview of Perchlorate Cleanup Technologies Applied at DoD Facilities 
 
Bryan Harre, NFESC, Port Hueneme, CA 
 
Ammonium perchlorate is manufactured for use as the oxidizer component and primary ingredient in solid 
propellant for rockets, missiles, fireworks, and some munitions.  Large-scale production began in the United 
States in the mid-1940s. Because of its shelf life, it must be periodically washed out of the country's missile 
and rocket inventory and replaced with a fresh supply. Thus, large volumes of the compound have been 
disposed of since the 1940s. 
 
Since perchlorate was discovered in water supplies in California, Nevada, and Arizona, much progress has 
been made in developing treatment methods capable of removing perchlorate from water. Over 65 
perchlorate treatment technology projects have been funded. Agencies funding this research include the 
American Waterworks Association Research Foundation, DOD’s Strategic Environmental Research and 
Development Program (SERDP), DOD’s Environmental Security Technology Certification Program (ESTCP), 
the National Science Foundation, several universities, water utilities, and Department of Defense activities. 
Most of the attention has been directed at two technologies: biological treatment and ion exchange.  
 
In the biological treatment process, microbes destroy perchlorate by converting the perchlorate ion to oxygen 
and chloride. In most cases, nutrients must be added to sustain the microbes. Results for both in-situ and ex-
situ systems have reduced the perchlorate concentration to the reporting limit of 4ppb. Barrier walls using 
biological treatment have been implemented at full-scale at the Naval Weapons Industrial Reserve Plant in 
McGregor, Texas. This site has also implemented the injection of carbon sources to form a biobarrier. 
ESTCP has funded and will be performing three demonstrations of in-situ bioremediation over the next two 
years.  
 
In ion exchange the perchlorate ion is replaced by chloride, a chemically similar but nontoxic ion. Ion 
exchange processes have been used in homes and businesses for water softening for decades. Bench, 
pilot, and full-scale studies have demonstrated that ion exchange systems can reliably reduce perchlorate 
concentrations and are approved for drinking water use in California. This presentation will highlight the 
efforts of the DOD to develop treatment technologies.  
Selection of Remedial Technologies for Perchlorate Impacted Sites 
 
Harry Van Den Berg, PE, Sr. Program Manager, ENSR International, 1220 Avenida Acaso, Camarillo, CA 
93012-8727, Tel: 805-388-3775 xt. 299, Fax: 805-388-3577, Email: hvandenberg@ensr.com 
 
Perchlorate salts, such as ammonium, sodium and potassium perchlorate are widely used as strong 
oxidizers in various industries.  Dissolution of perchlorate salts yields the perchlorate anion, which is highly 
stable and mobile in surface and groundwater systems.  Although perchlorate is a powerful oxidizer when 
used in solid form, it resists reduction by strong reducing agents when dissolved in water due to unfavorable 
reaction kinetics.  Due to its mobility and stability in aqueous environments, perchlorate can be found at large 
distances from its release source.  Ongoing research of the inhibitory effects of perchlorate on the uptake of 
iodide by the thyroid gland combined with improvements in analytical detection methods since 1997 have 
prompted the regulatory community to propose increasingly stringent action levels. The current action level 
in California 4 micrograms per liter, and may possibly be set lower in the future. Several in-situ and ex-situ 
treatment technologies have been developed, or are currently under development that can address 
perchlorate in soil and/or groundwater either via biological reduction or removal via physical-chemical 
means.  Similar to other contaminants, the applicability, effectiveness and cost of these technologies are 
highly dependent upon site-specific conditions, such as hydrogeology, geochemistry, depth to groundwater, 
perchlorate distribution and the presence of other contaminants.  This presentation will provide an overview 
of the criteria affecting the selection process, descriptions of established and innovative treatment 
technologies and their typical applicability, and a presentation of relative cost.  Design and performance 
criteria for the technologies that have achieved some degree of success in field applications will be 
discussed.  Test or operational data will be presented for existing systems, utilizing in-situ and ex-situ 
bioremediation, reverse osmosis and selective anion exchange technologies.   
Perchlorate:  Water Contamination and its Groundwater Removal via Ion 
Exchange Technology 
 
Peter Ritchey, Calgon Carbon Corporation, P. O. Box 717  Pittsburgh, PA  15230-0717, Tel: 412-
787-6859,   Fax:  412-787-4523, Email: ritchey@calgoncarbon.com 
 
Perchlorate removal from groundwater via ion exchange has been commercially accepted by the 
water treatment industry.  Three main options exist for perchlorate-removal treatment systems:  
non-regenerable fixed bed, regenerable fixed bed, and regenerable moving bed.   
 
The non-regenerable fixed bed systems employ a highly-selective anion exchange resin 
which continues to remove perchlorate long after all other anionic species have reached 
breakthrough due to the high selectivity of the resin for perchlorate.  Several types of 
anionic resin are commercially available for the type of system ranging from a simple SBA 
Type 1 resin to the highly selective bifunctional resins.  Calgon Carbon Corporation (CCC) 
has also modified commercially-available resin in its CalMedia program to lower operating 
costs for perchlorate treatment.  Currently, > 12,000 gpm of groundwater is being treated 
with this technology with a 2-3 fold increase expected in 2003.   
 
The regenerable moving bed system, CCC’s ISEP technology, uses a more-easily regenerable 
acrylic resin with a brine regeneration.  The ISEP technology has the advantage of maximizing the 
performance of the system via reduced regenerate usage, a reduced resin requirement, and 
steady-state operation.  Currently, 2,500 gpm of groundwater is treated via this technology with  > 
15,000 gpm of additional capacity expected to come online in 2003.   
 
The regenerable fixed-bed systems can utilize two types of resin.  First, acrylic regenerable resin 
can be utilized for perchlorate removal and regenerated with a brine solution.  This option has not 
been commercialized due to higher operating costs versus the ISEP system.  Second, a highly 
perchlorate selective resin such as the Oak Ridge Bi-Quat resin can be utilized.  This resin offers 
substantially longer run times between regenerations and can be regenerated with a FeCl3/HCl 
solution. 
 
Advantages and disadvantages between the three types of will be presented. 
 
 
Ex-situ Treatment of Perchlorate in Groundwater using Biological Reactors 
 
Paul B. Hatzinger, Ph.D., Shaw Environmental, Inc., Princeton Research Center,  
4100 Quakerbridge Rd., Lawrenceville, NJ  08648, Tel: 609-936-9300, Email: 
paul.hatzinger@shawgrp.com 
Co-Authors: Dr. A. Paul Togna, William J. Guarini, Sam Frisch, Dave Enegess, Paul. M. Sutton 
 
Ammonium perchlorate (NH4ClO4) has been used for several decades in the United States as an 
oxidizer in solid propellants and explosives.  Past disposal practices of perchlorate-containing fuels 
and a variety of military testing and training activities have resulted in measurable perchlorate 
contamination in water in at least 18 states, including California, Massachusetts, Utah, Nevada, 
Maryland, and Texas. Current estimates suggest that the drinking water of as many as 15 million 
people may be contaminated with perchlorate. Biological treatment represents the most promising 
technology for economical remediation of perchlorate in water. During the past few years, we 
conducted laboratory pilot studies to evaluate the effectiveness of biological fluidized bed reactors 
(FBRs) for removing perchlorate from groundwater at several sites across the United States. 
These sites varied widely in geochemistry and perchlorate concentration. The treatment of influent 
perchlorate levels ranging from greater than 400 mg/L to less than 100 g/L have been evaluated. 
The biological removal of co-contaminants, including chlorate, nitrate, and nitramine explosives 
has also been examined. A summary of the results from the pilot FBR studies will be presented. 
Based on the data from field pilot studies, three full-scale FBR systems have been constructed and 
are in operation. These FBRs are currently treating more than 5 million gallons of groundwater per 
day from influent perchlorate concentrations ranging from 2 to 35 mg/L to effluent concentrations of 
less than the method reporting limit of 4 g/L.  Two additional full-scale systems are currently 
being designed and fabricated for installation in 2004.  In addition, the FBR has recently been 
approved by the California Department of Health Services (CDHS) as part of a treatment system 
for the production of drinking water from perchlorate-contaminated groundwater. The performance 
and design parameters for full-scale FBR systems and a comparison of these systems to other 
biological reactor types will be presented.  
 
A State’s Perspective on Perchlorate 
 
Millie Garcia-Surette, MPH and Carol Rowan West, Massachusetts Department of Environmental Protection 
 
Ammonium perchlorate is widely used as a component of propellants for rockets, missiles, and fireworks.  It 
was discovered in surface and ground waters in the United States in the late 1990s, typically around military 
operations, defense contracting and manufacturing facilities.  Perchlorate has been detected in ground water 
at the Massachusetts Military Reservation.  In 2002, perchlorate was detected in the water supply of the 
abutting town of Bourne.  In one instance, the Massachusetts Department of Environmental Protection (DEP) 
has provided bottled water to a private home impacted by the release.  Currently there are no established 
drinking water standards for perchlorate.  This presentation will review the ongoing response by the DEP to 
the perchlorate release at the reservation.  The Department’s Bureau of Waste Site Cleanup has been 
actively overseeing the site investigation and is reviewing potential remediation strategies.  The Office of 
Research and Standards is developing a reference dose based on studies that characterize the endocrine 
disrupting effects of perchlorate on pregnant women, their fetuses, children and individuals suffering from 
hypothyroidism.  The reference dose will be based on a conservative interpretation of animal and human 
studies in order to ensure adequate protection of perchlorate-exposed populations.  The reference dose will 
be used to establish ground water and soil clean up standards under the Massachusetts Contingency Plan 
for use at hazardous waste sites in Massachusetts.   Actions taken by the U.S. EPA and other states on this 
issue will be discussed, as well as the need to respond in a timely fashion to perchlorate releases due to the 
potentially severe health consequences. 
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Bioindicators - Essential Tools for Realistic Site Assessment and Remediation Cost Control 
 
E.J. Zillioux, Florida Power & Light Co., Juno Beach, FL 
J.R. Newman, Pandion Systems, Gainesville, FL 
 
Contamination Assessment Reports (CARs) are typically developed from the results of sampling 
and chemical analysis of physical parameters (e.g., soil, groundwater, surface water, sediments, 
free product), an evaluation of the spatial extent of contamination, and model predictions of 
potential temporal changes from the current condition.  Rarely are the bioaccessibility or 
bioavailability of so-called contaminants-of-potential-concern (COPCs) considered; yet, without this 
information, site assessments are, at best, incomplete, or limited in their capacity to interpret 
potential human or ecosystem impacts.  More importantly, a lack of information on biotic response 
to COPC exposures can result in either false positive or false negative conclusions of site condition 
and ultimate risk characterization.  Sampling physical factors alone assumes we know the cause 
and effect relationship, understand possible synergistic (or antagonistic) effects of more than one 
physical factor and generally assumes continuous exposure.  Although adverse effects due to 
synergistic interactions of multiple stressors can be missed (false negatives), more often the 
common practice of comparing discrete physical  
parameters to regulatory "bright lines" leads to the overprediction of site hazards (false positives). 
EPA-STAR GRANTS FOR RESEARCH ON ENVIRONMENTAL BIOINDICATORS  
 
Mitch M. Lasat, U.S.E.P.A., Office of Research and Development, National Center for 
Environmental Research, 1220 Pennsylvania Ave, NW, MC 8722R, Washington, DC 20460, Tel: 
202 564 6826, Fax: 202 565 2446  
 
The time and cost of using conventional analytical approaches can significantly restrict the number 
of samples analyzed for environmental assessment and monitoring. Because the quality of 
environmental management decisions depends upon the accuracy of monitoring approaches 
employed, the Environmental Protection Agency (EPA) is seeking effective and cost-efficient 
techniques to assess the impact of environmental stressors on the human health and the 
ecosystem, and to monitor the effect of remedial activities. The use of biosensors emerges as a 
powerful new approach for environmental monitoring. In addition to an internal research and 
development program, EPA supports the advancement of biosensor-related science and 
technology through Science To Achieve Results (STAR), a competitive extramural research grants 
program. Through the STAR program, EPA is funding research on the application of biosensors for 
the assessment of exposure and toxicity in humans and ecosystem, and for environmental 
monitoring of remedial technologies. Biosensors and biomarkers STAR research results will be 
presented and EPA research priorities in this emerging area will be discussed. Presentation will 
focus on the development of biosensors for site characterization and monitoring, biomarkers for the 
assessment of exposure and toxicity, and ecological indicators.   
Serotonin-Modulating Protein Content as a Biomarker of Environmental Pollution 
 
Arif A.Mekhtiev, Institute of Physiology n.a. A.I.Karaev, National Academy of Sciences, 2 Sharif-
zadeh St., Baku 370100 Azerbaijan, Tel: (99412) 32-37-44. Email: arifm@iphysiol.azeri.com 
Aliya A.Gaisina, Institute of Physiology n.a. A.I.Karaev, National Academy of Sciences, 2 Sharif-
zadeh St., Baku 370100, Azerbaijan, Tel: (99412) 32-37-44 
Grigoriy M.Palatnikov, Institute of Physiology n.a. A.I.Karaev, National Academy of Sciences, 2 
Sharif-zadeh St., Baku 370100 Azerbaijan, Tel: office (99412) 32-37-44, 32-39-22. 
Rafik Yu.Kasimov, Professor, Institute of Physiology n.a. A.I.Karaev, National Academy of 
Sciences, 2 Sharif-zadeh St., Baku 370100 Azerbaijan, Tel: (99412) 32-39-00. 
 
Serotoninergic system activity is shown to be highly vulnerable to the impact of environmental 
pollution (Garcia et al., 2001). The importance of these studies is due to the fact that serotonin is 
involved in regulation of cell proliferation and differentiation (Couper et al., 1996; Mercer et al., 
1996), so significant changes in serotonin turnover might bring to such severe pathologies as 
inborn abnormalities and cancerogenesis both in animals and humans. The serotonin-modulating 
anticonsolidation protein (SMAP) was identified and purified from the rat brains and appear to 
consist of two subunits of 126 and 60 kDa (Mekhtiev, 2000). This protein presents linear 
correlations with the serotonin content in the rat brain. Determination of the SMAP content in the 
fish liver by the ELISA-test with application of the anti-SMAP immunoglobulins was used to 
evaluate the serotoninergic system activity on the postsynaptic level. The mutagenesis level in 
fishes was evaluated by micronucleus test by counting the micronuclei amount per each 1000 
erythrocytes. It was shown that goldfish (Carassius auratus) exposure to the crude oil polluted 
water at concentrations of 0,1 and 0,5 ppt for 5 days leads to increase of the SMAP content in the 
goldfish liver relatively to the intact fishes (p<0,001). The micronucleus test showed no differences 
between groups under 0,1 ppt concentration, and increase in the micronuclei amount under 0,5 ppt 
concentration. Besides, the SMAP content was evaluated in the liver of the gobies (Neogobius 
fluviotilis) dwelling in the Caspian Sea. The gobies were caught in one clean and two polluted 
littoral zones of the sea with increasing level of contamination. The analysis showed that the SMAP 
contents in the tissues of the fishes dwelling in the polluted zones were significantly lower (p<0,01) 
than in the specimens from the clean one. However, the micronucleus test didn't reveal significant 
differences between the fishes from both zones. So, determination of the SMAP content in animal 
tissues may be used as a sensitive and reliable indicator of the environmental pollution.  
 
 
 
The Effect of Mountain Forest Decline on Staphylinid Beetles in Central Europe 
 
Jaroslav Bohac, Institute of Landscape Ecology, Academy of Sciences of the Czech Republic,  
Na Sadkach 7, 370 05 Ceske Budejovice, Czech Republic 
 
Staphylinid beetles belong to one of the most numerous group of invertebrates living in the soil and 
on soil surface. In Central Europe they occur in mountain forests which were negatively impacted 
by air pollution, particularly by sulphur dioxide, in the last fifty years. The long term changes of 
staphylinid communities (1983-2003) were indicated in sensitive mountain ecosystems. The main 
factors influencing the beetle communities (habitat and soil characteristics) are described. The 
characteristics of invasive species, which colonize declining forests are provided.  The critical 
stage of staphylinid communities is determined in impacted mountain environment. There is 
discussed the  potential possibility to restore beetle communities after the ten last years, when the  
decreasing of air pollution was found. 
 
 
Development and Use of Animals as Air Pollution Biomarkers and Bioindicators in Central Europe: 
History and Status 
 
James R. Newman, Pandion Systems, Inc., 5200 NW 43rd Street, Suite 102-314, Gainesville, Fl 
32606-4482, Tel: 352-372-4747, Fax: 352-372-4714 
 
Since the late 1960s, there has been a formal interest and research into the development and use 
of biomarkers and bioindicators of air pollution. The development and use of markers and 
indicators resulted from a political prohibition of being able to study the effects of air pollutants on 
human health.  Central Europe from the 1950s through the 1980s was the scene of acute and 
chronic air pollution from industrialization. Researchers from different institutes and universities 
conducted extensive studies on biomarkers and bioindicators of air pollution.  Biomarkers included 
such responses as changes in the chemical composition of lens and changes in the blood 
chemistry of wild hares.  Bioindicator organisms included urban birds whose nesting is sensitive to 
different levels of air quality and pheasants which exhibited different levels of nematode infection in 
urban and industrial regions compared to agricultural regions.  These and other biomarkers and 
bioindicators were incorporated into monitoring programs.  This paper will review the types and 
application of air pollution biomarkers and indicator developed and used in Central Europe.  The 
present status of biomarkers and bioindicators will be presented. 
Neurological Effects of TCE in Groundwater and Soil in Lisle, Illinois   
 
Alan R. Hirsch, M.D., Rush-Presbyterian-St. Luke’s Medical Center, 845 N. Michigan Ave., Ste. 
990W, Chicago, IL 60611, Tel:  312-649-5829, Fax:  312-649-0458 
 
Twelve residents living adjacent to a site of TCE contamination of the groundwater (68,000 ppb) 
and soil (680,000 ppb) were evaluated as to the presence of TCE-induced neurologic dysfunction 
with history, neurologic examination, and nerve threshold measurements and olfactory testing.  
Where clinically appropriate, additional testing was performed with somatosensory evoked 
responses, nerve conduction velocities, electroencephalogram, visual evoked responses, 
brainstem auditory evoked responses, P300 responses, Millon Clinical Multiaxial Inventory-III, 
Minnesota Multiphasic Personality Inventory-2, Beck Depression Inventory, Zung Depression 
Scale, Paulhaus Deception Scale, TOMM, Validity Profile Indicator, Strub and Black Mental Status 
Examination, Mini Mental State Exam, Poppelreuter Task Test, Trail-Making Subtest of the 
Halstead Reitan Battery, and a series of olfactory and gustatory testings.  On sensory nerve 
threshold measurements, 11 (91%) demonstrated bilateral abnormalities.  Five (41%) 
demonstrated preferential trigeminal nerve involvement, a marker for TCE-induced neurologic 
damage.  Diagnosis in these five included TCE-induced:  polyneuropathy (4), cephalgia (3), limbic 
encephalopathy (2), encephalopathy (1), subclinical encephalopathy (1), subclinical hyposmia (1), 
subclinical polyneuropathy (1), optic neuropathy (1), and anosmia (1).   
 
In the presence of substantial TCE in soil and ground water, trigeminal nerve threshold 
measurements may be useful as a biologic marker for TCE exposure.   
Session 4:  Pay-for-Performance Remediation Technologies - Methods & Case Studies of Science & 
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Sponsored by Environmental Business Solutions International, Inc. 
 
Application Theory & Practice of Pay-for-Performance Remediation 
Mark Vigneri, EBSI, Wayne, NJ 
 
Case Studies in Performance Based Technology Substitutions 
Ron Adams, EBSI, Ponte Vedra, FL 
 
Pay-for-Performance Subcontract Stimulates Innovation and Reduces Cost During Remediation of a VOC 
Groundwater Plume at NAS North Island  
Richard Wong, R.G., CHG, Shaw Environmental, Inc., San Diego, CA  
Mark Bonsavage, P.E., Southwest Division, Naval Facilities Engineering Command, South Bay, AFT, San 
Diego, CA 
Richard G. Mach Jr., P.E., Naval Facilities Engineering Command, Washington Navy Yard, Washington DC  
Ron Adams, P.E., EBSI, Inc., Ponte Vedra, FL  32082 
 
Pay-for-Performance Contracting and Implementation of Embedded Technology Strategies 
Frank Van Ryn, Reiss Remediation, Wichita, KS 
 
Management of UST Remediation via Pay-for-Performance 
Rich Werner, P.G., ECI, Norristown, PA 
Mark Vigneri, EBSI, Wayne, NJ 
 
Pay-for-Performance Free Product Remediation Technologies 
Vince Barlock, Pelorus Laboratories, Inc., Evergreen, CO 
Application Theory & Practice of Pay-for-Performance Remediation 
 
Mark Vigneri, EBSI, 1127 Crossing Way, Wayne, NJ 07470 Tel: 973-633-5011 
 
Pay-for-Performance remediation contracting requires in-house access to multiple technology sets and a 
long line of projected circumstances to: 1) construct a project, 2) related sets of projects, and 3) an 
organization to complete all projects.   Multiple dependent matrices need to be established for technical 
design, requiring layers of “if/then/or” planning.  Technical designs lead to economic designs.  Economic 
designs require an understanding of parameters and limits drawn from a client’s goals and resources.  Once 
all of the fixed variables are confirmed, then specialized economic theory can be applied to determine many 
different price structure options. 
 
Environmental Business Solutions International, Inc.’s (EBSI) On-Contact Remediation Process® family of 
in-situ technologies uses a four component design to interlink many interchangeable remediation 
technologies.   The Physical, Preparation, Conversion and Restorations Stages are logical divisions used in 
engineering designs.   Cubic volumes are assigned in stages with assumptions of change and failure.  The 
work product is a proprietary set of designs to create access to contamination and chemical variations to 
treat contaminants to goals. 
 
Economical principals for pricing are very complex and depend on derivatives of postulates fixed to the use 
of each technology.  Each physical device is seen as an independent project with a correlation to related 
devices.   Since EBSI performs most remediation projects on a “not-to-stop” pay-for-performance 
methodology, the largest variable is T – being time.   Time has a large cost associated with it, as continuous 
operations with milestones for payment continually change internal margins and funding for projects.   This 
negates common practices used in common best-efforts remediations and requires an actuarial database of 
experiences to extrapolate quotable client costs. 
 
The benefit of this extreme level of work product is an ability to actually smoothly perform on a large array of 
different types of remediation and contracting vehicles without danger to EBSI or the client.   The 
presentation will illustrate that to do otherwise, even with accepted industry practices, is legal gambling and 
not of a long term services to a vendor or projects. 
 
EBSI has been using these academic methods to create commercially available pay-for-performance 
remediation projects for five years.  Our case studies range from DOD sites, industrial plants, land 
development, emergency responses, active gas stations, commercial real estate, and many other types of 
sites.   
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Case Studies in Performance Based Technology Substitutions 
 
Ron Adams, P.E., EBSI, Inc., 830-13 A1A North, #371, Ponte Vedra, FL  32082, Tel: 904-280-2596, Fax: 
904-280-2597, Email: radams@ebsi-inc.com 
 
Performance based contracting requires that the cleanup company has the ability to implement multiple 
remediation techniques to address various contaminant classes and site conditions.   Further, the cleanup 
company must be able judge the effectiveness of the techniques being used at a site in order to understand: 
(1) how to adjust the current technique to boost its effectiveness; (2) when to substitute another technique for 
the one in current use; and, (3) which replacement techniques to substitute into use at the site. 
 
This paper will provide an overview of remediation techniques and their relative effectiveness under differing 
conditions, monitoring approaches to gather meaningful real-time data to analyze effectiveness, decision 
making rationale for technology substitutions, and selection of technology replacements.  Lastly, the paper 
will discuss case studies for sites at which these techniques were used. 
Pay-for-Performance Subcontract Stimulates Innovation and Reduces Cost During Remediation of a VOC 
Groundwater Plume at NAS North Island  
 
Richard Wong, R.G., CHG, Shaw Environmental, Inc., 1230 Columbia Street, Suite 1200, San Diego, CA 
92101-8517, Tel: 619-437-6326, ext. 314, Fax: 619-437-6368, Email: richard.wong@shawgrp.com 
Mark Bonsavage, P.E., Southwest Division, Naval Facilities Engineering Command, South Bay, AFT, 2585 
Callaghan Highway, Building 99, San Diego, California 92136-5198, Tel: 619-556-7315, Fax: 619-556-8929, 
Email: bonsavagemj@efdsw.navfac.navy.mil 
Richard G. Mach Jr., P.E., Naval Facilities Engineering Command, Washington Navy Yard, 1322 Patterson 
Avenue, Suite 1000, Washington DC 20374-5065, Tel: 202-685-9299, Fax:  202-685-1670, Email: 
machrg@navfac.navy.mil  
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With the DoD direction  to control rising O&M costs by evaluating means for optimizing overall performance 
and effectiveness of remedies1, NAVFAC is aggressively developing policy and guidance to ensure 
optimization of all site remedies.  This Navy policy will address all aspects of the remedy screening, 
evaluation, selection, design, installation, operation, and long term management for each site.  There will be 
a requirement for “exit strategies” for every site , which will be based on site-specific lifecycle design 
analysis.  This Navy policy is expected to be completed by Fall 2003. 
 
Successful project teams will scope projects with optimization and exit strategies in mind, manage 
stakeholder expectations, manage risk, and demonstrate continuous optimization2.  The DoD encourages 
prime contractors with cost type contracts to use performance-based payments (PBP) on fixed-price 
subcontracts and issued a guidance document that outlines the advantages and strategies for successful 
PBP contacting3.  NAVFAC’s acquisition strategy ensures that each Engineering Field Division/Activity 
(EFD/A) has a variety of contractual vehicles to optimally meet the needs of each site. 
 
When the NAS North Island Site 5 removal action was initiated in 2000, the selected remedy, in-situ 
chemical oxidation, was an emerging technology with much promise but with many uncertainties regarding 
its effectiveness. To manage these uncertainties, the NAVFAC SWDIV South Bay Area Focus Team and its 
contractor, Shaw Environmental, embraced the NAVFAC and DoD initiatives and developed, competed, 
awarded and effectively implemented a “performance-based” subcontract for the in-situ chemical oxidation 
treatment of a VOC groundwater plume adjacent to the Pacific Ocean.  The amount of subcontractor 
(Environmental Business Solutions International) compensation was based on the level of contaminant 
reduction achieved.  The drive to maximize contaminant reduction improved team partnering efforts and 
resulted in several technical innovations and optimization of the remedial effort with no change orders. The 
NAS North Island performance-based procurement model is an example of an effective partnering and 
optimization strategy to reduce costs and to manage stakeholder expectations and risk. 
 
1  Management Guidance for the Defense Environmental Restoration Program, Office of the Deputy Under 
Secretary of Defense, Installations and Environment, September, 2001. 
2  Special Report SR-2101-ENV, Guidance for Optimizing Remedial Action Operation (RAO), Naval Facilities 
Engineering Command, Department of the Navy RAO/LTM Optimization Working Group, Interim Final, 
April 2001 
3  User’s Guide To Performance Based Payments, Office of the Under Secretary of Defense (Acquisition, 
Technology and Logistics), November 2001   
 
Pay-for-Performance Contracting and Implementation of Embedded Technology Strategies 
 
Frank R. Van Ryn, Reiss Remediation, Inc., 4111 E. 37th St. N, Wichita, KS 67220, Tel: 316-828-2146, Fax: 
316-828-4034 
 
A significant amount of environmental investigations and cleanup work are performed using time and 
material type contracting arrangements.  Utilization of risk-based remediation approaches provides flexibility 
in obtaining No Further Action approval letters.  This flexibility provides an opportunity to utilize pay-for-
performance contracting mechanisms.  The pay-for-performance contract aligns the contractor’s incentives 
with the company purchasing the service.  Performance can be based on cleanup goals, achieving plume 
stabilization, or reducing the extent/concentration of the plume to conform to a risk-based closure strategy.  
Various contracting mechanisms are available to embed technologies into the contract to provide an 
incentive to the contractor to complete the cleanup in the most cost-effective manner. 
Management of UST Remediation via Pay-for-Performance 
  
Rich Werner, P.G., ECI, 500 East Washington Avenue, Suite 375, Norristown, PA 
Mark Vigneri, EBSI, 1127 Crossing Way, Wayne, NJ 
 
Conducting multiple concurrent site remediations is a challenge under any circumstance. Managing many 
simultaneous pay-for-performance insitu chemical remediation efforts at former and active underground 
storage tank sites is an even higher level challenge.  Petroleum contaminated sites each have unique 
configurations of release size, impacted zone characteristics and response to active remediation.   When 
remediating sets of sites, on a performance basis, costs and timelines for testing and reporting can become 
an extended overhead for a client, if not managed carefully with “if/then/or” planning logic. 
 
Environmental Consulting, Inc. (ECI) has extensively used Environmental Business Solutions International, 
Inc.’s (EBSI) On-Contact Remediation Process® family of in-situ technologies to configure methods to detect 
contamination real-time and then chemically treat the soil and ground water.   While these methods are 
proven to be large cost savers for remediation, estimating time to completion and consulting costs need to 
be flexible.   
 
The object of the planning is to either accelerate closure or manage costs over a timeline. 
Analysis and decisions require an understanding of all costs to date, savings over other remediation 
solutions, technical progress and projection of sampling and reporting schedules.  Accelerated projects 
depend on an ability to enter closure testing as soon as possible.  More difficult sites require extensions of 
timelines and minimized reporting to allow for the remediation to be field engineered to completion.  The 
matrix of site management will justify costs and progress. 
  
The entire set of project steps move along like one continuous mobilization for the customer and these 
methods have been extremely effective.  Because of the way pay-for-performance contracting guarantees 
progress towards closure goals to qualify for payment, management of the smaller variable overheads costs 
will insure a project is successfully completed.  Remediation efforts that stay on course will close at the 
minimum cost and time.  Remediation requiring field changes and additional time will be completed with only 
the additional costs of monitoring.  This is a tremendous cost saving over common place best effort / failed 
remediation replacement cycles that many clients have experienced.  Site owners can realize a cap on site 
spending and achieve site closure by implementing ECI for no-stop / pay-for-performance remediation 
services.   
 
Related case studies include live gas stations, under buildings, near live tanks, small / high traffic businesses 
and other difficult settings.    
 
 
Pay-for-Performance Free Product Remediation Technologies 
 
Vince Barlock, P.G., Pelorus, Inc., 3528 Evergreen Parkway, Almquist Building, 2nd Floor 
Evergreen CO  80439, Tel: 303-670-2875, Fax: 303-670-5139, Email: vbarlock@pelorusenbiotech.com 
 
Pay for Performance remediation of free product sites requires both an understanding of the behavior of free 
product in the subsurface and the effectiveness and limitations of remedial options available for site cleanup.  
Free product behavior in the subsurface is a complicated by the interactions of multiphase flow of vapors and 
liquids of different viscosities in porous media. Various factors, such as product type (gasoline versus no. 6 
oil), soil types (gravel versus clay or bedrock), age of the release, depth to groundwater, and 
seasonal/historical fluctuations of groundwater all play important roles in the vertical and lateral distribution of 
free product.  Because the multiphase flow of the system is complex, remediation is also complicated.  
Important factors for site remediation that effect pay for performance cleanup are: removal of continuing 
sources, the thoroughness of site investigations, setting realistic cleanup goals, esoteric limitations imposed 
by current property use, and the variety of techniques that may be available to the cleanup contractor. 
 
This paper provides a general overview of free product behavior in the subsurface.  It also reviews the key 
factors effecting pay for performance contracting.  The discussion concludes with a review of proven 
technologies which can be used as site conditions change during the remediation process. 
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Floyd Frost, Ph.D., Lovelace Respiratory Research Institute, Albuquerque, NM 
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Lucy Harter, Washington State Dept. of Health 
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Dr. Steven H. Lamm, Consultants in Epidemiology and Occupational Health, Inc., Washington, D.C. 
In Vivo Relative Oral Bioavailability of Arsenic from CCA-Affected Soils in the Primate 
 
Stephen M. Roberts, Center for Environmental & Human Toxicology, University of Florida, Box 110885, 
Gainesville, FL 32611, Tel: 352 392-4700 ext. 5500, Fax: 352 392-4707 
Raymond J. Bergeron, Department of Medicinal Chemistry, University of Florida, Box 100485, Gainesville, 
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The relative oral bioavailability of arsenic in soil from a former CCA wood treatment facility was measured in 
the Cebus monkey.  In preliminary experiments, sodium arsenate in solution was administered intravenously 
and orally to five male Cebus monkeys, and blood, urine, and feces were collected.  The disappearance of 
arsenic from blood following an intravenous dose in the monkeys was similar to that reported previously in 
humans.  Further, the fraction of dose excreted in urine and feces after both intravenous and oral 
administration were comparable to values reported in humans.  Relative bioavailability of arsenic from soil 
was measured by comparing arsenic excretion following a single oral dose of soil with arsenic excretion 
following a similar oral arsenic dose as sodium arsenate in water.  The relative bioavailability of arsenic from 
the soil sample was found to be 16.3 ± 6.5 % (mean ± SD) in five monkeys.  This research was supported 
through a contract with the Florida Department of Environmental Protection. 
USEPA SHEDS Model: Methodology for Exposure Assessment for Wood Preservatives 
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A physically-based, Monte Carlo probabilistic model (SHEDS-Wood: Stochastic Human Exposure 
and Dose Simulation model for wood preservatives) has been applied to assess the exposure and 
dose of children to arsenic (As) and chromium (Cr) from contact with chromated copper arsenate 
(CCA)-treated playsets and residential decks.  Short-term (for As and Cr), intermediate-term (for 
As and Cr), and lifetime (for As only) absorbed doses are estimated for: dermal contact with 
playset or deck residues; dermal contact with soil concentrations around treated playsets or decks; 
ingestion of CCA-containing soil near treated playsets or decks; and ingestion of wood residues via 
the hand-to-mouth pathway.  
 
SHEDS-Wood calculates the predicted exposure and dose to As and Cr using age and gender 
representative time-location-activity diaries from EPA’s Consolidated Human Activity Database 
(CHAD). Based on user-specified inputs, exposure days and exposure events within a day are 
simulated.  The time series of exposure and dose are computed using pathway-specific exposure 
equations and the real-time diary activities for which a contact event is possible.  Model inputs, 
represented as analytical distributions (e.g., lognormal, beta) include: fraction of outdoor time and 
days per year a child plays on/around playsets and decks; As and Cr residue and soil 
concentrations on or near CCA treated playsets or decks; and various exposure factors such as 
residue-to-skin transfer efficiencies, soil-to-skin adherence factor, saliva and bathing removal 
efficiency, daily incidental soil ingestion rate, fraction of hand skin surface area contacting soil, 
frequency of hand to mouth activity, maximum dermal loading, and dermal and GI absorption rates.  
Model results for the simulated population are analyzed to determine the dominant pathways 
influencing predicted exposures and dose. Both deterministic and statistical methods are used to 
assess the sensitivity of results to key input variables. Uncertainty analyses are performed using 
the 2nd Stage Monte-Carlo simulation results and a nonparametric bootstrap methodology. 
     
Disclaimer: This work has been funded wholly by the United States Environmental Protection 
Agency.  It has been subjected to Agency review and approved for publication. 
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In June, 2001, the U.S. Consumer Product Safety Commission (CPSC) docketed a petition from 
the Environmental Working Group and the Healthy Building Network that requested that the 
Commission enact an immediate ban of chromated copper arsenate (CCA)-treated wood for use in 
playground equipment. 
 
CPSC staff completed toxicological reviews of CCA components, chromium, copper, and arsenic, 
but chose to focus on arsenic because it is the most potent of the three chemicals. The staff 
considers that the principal exposure to arsenic from CCA-treated wood occurs through transfer of 
wood surface arsenic residues to a child’s hands and fingers and subsequent direct (e.g., thumb-
sucking) and indirect (e.g., handling of toys or food) hand-to-mouth transfer of the residues. 
 
CPSC staff conducted laboratory and field studies to estimate the amount of arsenic to which a 
child might be exposed during a typical playtime on CCA-treated wood playsets. The staff 
measured the dislodgeable arsenic levels on the surface of CCA-treated wood structures in the 
Washington, D.C. metropolitan area using 8 CCA-treated wood decks and 12 CCA-treated wood 
playsets, representing a variety of ages, wood treatments, and manufacturers. The study used 
adult volunteers using their bare hands, as well as surrogate materials, e.g., polyester cloth, that 
could be used in place of the bare hands, to rub the surface of the wood structures.  
 
Based on the field studies, the staff estimated that the mean dislodgeable arsenic levels from 
handling CCA-treated wood playground equipment is about 7.6 micrograms. Using this information 
and other assumptions in a deterministic risk assessment model, the CPSC staff concluded that a 
young child who plays primarily on CCA-treated wood playground structures in early childhood has 
an increased lifetime risk of 2 to 100 per million of developing lung or bladder cancer. This is an 
increased risk above the risk of cancer due to other factors during one’s lifetime.  (The opinions 
expressed by the authors do not necessarily represent the views of the Commission.  As this 
abstract was prepared by the authors in their official capacity, this abstract is in the public domain 
and may be freely copied or reprinted.) 
 
 
Comparison of a Probabilistic/Mechanistic (SHEDS) Approach to a Deterministic/Empirical 
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Barbara D. Beck, Ph.D., DABT, Gradient Corporation, 238 Main St., Cambridge, MA  02142, Tel:  
617-395-5000, Fax:  617-395-5001 
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Quantifying potential exposures and risks to inorganic arsenic (Asi) releases from wood treated 
with chromated copper arsenate (CCA) presents several challenges.  For example, standardized 
algorithms are not available in typical risk assessment guidance for quantifying transfer of 
dislodgeable arsenic from wood surfaces into the body.  This presentation compares two 
methodologies for conducting human health risk assessments (HHRAs) for Asi from treated wood: 
(1) a probabilistic, mechanistic methodology as exemplified by the U.S. Environmental Protection 
Agency’s Stochastic Human Exposure and Dose Simulation model applied to a wood preservative 
exposure scenario (SHEDS-Wood) and (2) a deterministic, empirical methodology with a focused 
sensitivity analysis (DEM/FS), as exemplified by recent HHRAs conducted by the U.S. Consumer 
Product Safety Commission (CPSC) and Gradient Corporation.  Strengths and limitations of each 
model are described, and data needs are highlighted for each approach.  Among other 
observations, the SHEDS-Wood model allows specific activity patterns to be quantitatively 
evaluated and explicitly characterizes variability and uncertainty in model results.  By contrast, the 
lack of data for many of the necessary input assumptions and for validating the results adds 
uncertainty when interpreting estimates derived using the SHEDS-Wood model.  The DEM/FS 
methodology applies an empirical approach based on soil ingestion studies to estimate intake of 
surface residues from CCA-treated wood.  This  approach  provides a benchmark for evaluating 
the validity of estimates for this pathway.  The focused sensitivity analysis of the DEM/FS 
methodology allows ready identification of critical assumptions and assessment of the 
conservatism of the analyses.  The DEM/FS approach cannot directly incorporate information 
regarding certain behavioral variables, however, such as variations in numbers of hand-to-mouth 
contacts, and does not provide quantitative information regarding the distribution of potential risk 
levels.  Certain critical data needs are shared by both methods, whereas other data needs apply 
primarily to one approach.  
 
BACKGROUND INORGANIC ARSENIC EXPOSURES IN CHILDREN 
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Understanding where arsenic exposures fall with respect to natural background is important for 
communicating the relative magnitude of arsenic exposure and risk in relation to everyday 
exposures.  Arsenic is naturally ubiquitous in the environment.  The primary background sources of 
inorganic arsenic to the general population are food, water, and to a lesser extent, soil.  Using 
reported inorganic arsenic data for food types and the USDA food intake survey for children ages 
1–6 years, the probabilistically modeled average inorganic arsenic intake was 3.2 µg/day (95th 
percentile of 6.2 µg/day; 99th percentile of 9.5 µg/day).  Foods contributing the most inorganic 
arsenic were rice, other grains, and fruit.  One bowl of rice (1 cup cooked) contributes nearly 4 µg 
of arsenic.  Inorganic arsenic intake by Asian or other populations with much greater rice 
consumption compared with the typical U.S. population would be considerably higher (e.g., 
14 µg/day for Japanese adults versus 3.2 µg/day in U.S. adults; dietary arsenic estimates are not 
available for Japanese children).  At an average arsenic level in drinking water in the U.S. around 
1–2 µg/L, drinking water adds an additional 1–2 µg/day assuming 1 L/day consumption.  EPA’s 
new drinking water standard for arsenic (10 µg/L) would contribute 10 µg/day.  By comparison, 
ingestion of soil containing arsenic at a background level of 20 mg/kg would result in a reasonable 
maximum estimate of 2 µg/day (assuming 50 percent relative bioavailability or arsenic in soil) and 
an average that is below 1 µg/day.  Thus, total background arsenic intakes are available for placing 
arsenic exposures and risk in context with naturally occurring sources.  
Relationship Between Childhood Arsenic Exposures and Cancer Risks in the U.S. and Findings of 
an Ecological Arsenic Health Effects Study 
 
Floyd Frost, Ph.D., Lovelace Respiratory Research Institute 
Kristine Tollestrup, Ph.D, University of New Mexico, Dept. of  Family Medicine 
Lucy Harter, Washington State Dept. of Health 
Melissa Roberts, Lovelace Respiratory Research Institute  
 
Arsenic exposure studies conducted by the Washington State Department of Health (WSDOH) in 
1974 found that children in the Ruston area near the ASARCO copper smelter excreted arsenic in 
the urine at approximately the same concentration as workers in the smelter. Urinary arsenic levels 
as high as 0.68 ppm were observed in these children in 1974.  WSDOH studies also found that: 1) 
younger children excreted higher levels of arsenic than older children; 2) the level of arsenic in the 
urine of children was proportional to the distance of the residence from the smelter; and 3) most of 
the exposure likely resulted from inhalation of particles.  Other studies found that urinary arsenic 
levels in children were lower during times of the day when the winds minimized distribution of 
arsenic from the smelter, as well as during a smelter strike.  These finding suggest that some of 
the arsenic exposure might also have been due to dust in the environment. 
 
We conducted a cohort study to determine whether childhood exposure to arsenic increases 
overall mortality and mortality due to lung and bladder cancer.  Cohort members were children who 
lived within 2.5 miles of the ASARCO copper smelter and arsenic refinery for at least two years 
from 1907-1932.  The cohort included 1,827 boys and 1,305 girls identified from school census 
records.  Based on local school census records and the U.S. Bureau of  Census records, we 
determined the duration of residence at each location for the period 1907-1932.  Exposure intensity 
was computed as the total number of years the child lived at residences <1.0 mile from the smelter 
stack from 1907-1932.  Most of the arsenic exposures in this area were from low-level emission 
from the processing plant rather than the stack.  Deaths were identified from church or cemetery 
records, state death records and, for more recent years, from the National Death Index.  Overall 
follow-up was 58% for males and 48% for females.  A total of 712 males and 361 females were 
found to be deceased.  Of these 46 males and 16 females had died from lung cancer.  In only one 
exposure intensity group (10 or more years at <1.0 mile from the smelter) were Cox proportional 
hazards ratios significantly higher than 1.00:  all causes of death (1.52), ischemic heart disease 
(1.77), and external causes (1.93).   For girls, hazard ratios were not significantly elevated for any 
cause of death in any exposure intensity group.  
 
We have also conducted a nationwide exposure assessment for drinking water arsenic in the U.S. 
and have related arsenic exposure levels to lung, bladder, liver and kidney cancer death rates for 
the U.S. for 1950-2000.  The analysis (MlwIN) relates exposure levels to outcomes, adjusting for 
socio-economic and employment characteristics of the county population.  
Arsenic and the Cancer Slope Factor 
 
Steven H. Lamm, M.D., D.T.P.H., Consultants in Epidemiology and Occupational Health, Inc., 
Washington DC, Tel: 202-333-2364 
 
Background: Arsenic is a strange carcinogen in that it is well accepted as a human carcinogen 
and shows little evidence of carcinogenicity in other species.  Inhaled arsenic clearly causes lung 
cancer, and ingested arsenic clearly causes skin cancer.  The standard risk model assumes that 
the study population is one population and that the risk, proportional to the dose, is the same for all 
people within that population.  Some analyses of the accepted studies suggest otherwise. 
 
Materials and Methods:  A number of studies in the last ten years have suggested that arsenic 
exposure causes bladder cancer.  The major study for analysis has been the 42-village study of 
Wu et al. (1989) from the Blackfoot disease (BFD) endemic area of SW Taiwan.  The Morales et al. 
(2000) analysis has served as the basis of the quantitative risk analysis by both the EPA and the 
National Research Council.  Review of the well data for the villages reveals two populations of 
villages based on water source dependency [artesian vs. non-artesian].  Separate analyses have 
been carried out for each population. US male bladder cancer mortality rates have also been 
analyzed by median arsenic levels in drinking water supply.    
Results:  There is no change in bladder cancer mortality risk with increasing arsenic exposure for 
villages not dependent upon artesian wells.  There is a sharp dependency on arsenic level for 
villages dependent on artesian wells.  The x-intercept for the artesian well dependent villages is 
just above 200 ug/L.  These analyses are consistent with US data where no change in bladder 
cancer mortality risk with increasing arsenic exposure is seen for US counties over the range of 3 – 
60 ug/L. 
Conclusion: US and Taiwan data both show no increase in bladder cancer mortality rates with 
drinking water arsenic levels up to the 100s of ug/L.  The data are consistent with a risk model for 
arsenic as a high-dose carcinogen or as a co-carcinogen.  The two largest epidemiological studies 
show no basis for proposing a positive arsenic cancer slope factor at US exposure levels, i.e., 
below a number of hundreds of micrograms per liter.        
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Investigation and Remediation of a Three-Dimensional MTBE Plume in Groundwater 
 
James A. Berndt and John A. Mundell, Mundell & Associates, Inc., 429 East Vermont Street, Suite 
200, Indianapolis, IN 46202, Tel: 317-630-9060, Fax: 317-630-9065 
 
In the spring of 2002 a strong gasoline odor was reported in the drinking water at a small bulk 
petroleum facility in northern Indiana.  Subsequent testing of the water revealed the water 
contained high levels of benzene and MTBE.  The discovery of impacted drinking water at the site 
prompted investigation of drinking water wells on surrounding properties.  This investigation 
showed that one home (located 250 feet downgradient of the site) and an elementary school 
(located 1,500 feet downgradient of the site) both had MTBE-impacted water supplies.  The State 
of Indiana required the bulk facility owner to initiate a subsurface investigation to determine if it was 
the source of the MTBE-impacted groundwater, and if so, to delineate the plume extent.  Initial 
investigation of the site, using standard LUST investigation protocol, included numerous soil and 
groundwater samples collected across the site.  Preliminary surficial groundwater samples 
collected at the downgradient edge of the site indicated that the benzene and MTBE plume did not 
extend off site.  During the installation of permanent monitoring wells it was discovered that the 
MTBE plume had a strong vertical component and had moved off site near the base of the 40-foot 
thick sand aquifer.  The Subsequent delineation of the three-dimensional plume included 131 soil 
borings and the installation of 45 monitoring wells.  The delineated plume originated at the 
groundwater surface on the site and extended over 1,500 feet downgradient of the site at a depth 
of 25 to 40 feet below the groundwater surface.  It is apparent from this site that traditional LUST 
site investigation techniques, focused on the uppermost portion of the aquifer, would have failed to 
identify this large MTBE plume.  The evaluation of remedial alternatives for this plume will focus on 
in situ treatment. 
Two-Phase Extraction: A Comparative Evaluation of Two Case Histories for MTBE and TBA 
Removal  
 
Mehmet Pehlivan, RG, CHG, Senior Hydrogeologist, Tait Environmental Management, Inc., 701 N. 
Parkcenter Drive, Santa Ana, CA 92705, Tel: 714-560-8613, Fax: 714-560-8235 
 
This paper presents the comparative evaluation of two remediation case studies in which a two-
phase extraction method was used. In both cases, the two-phase extraction method was 
successful in extraction of the petroleum hydrocarbons from the soil and groundwater. 
 
The first case is about a former gasoline service station with elevated concentrations of methyl-tert-
butyl ether (MTBE) in groundwater. The MTBE concentrations in groundwater declined with the 
start of two-phase extraction and the tert-butyl alcohol (TBA) concentrations increased from non 
detect to over 10,000 micrograms per liter (ug/L) indicating in-situ biodegradation of MTBE to TBA.  
 
The second case involves another fuel service station with MTBE concentrations over 800,000 
ug/L. After the two-phase extraction started the MTBE was biodegraded to TBA causing an 
increase in the TBA concentration in the discharge water. A bioreactor was installed in order to 
meet the discharge requirements and to remove TBA from the discharge water. The bioreactor 
was designed such that it used the system vacuum source to aerate and re-circulate the water.   
 
Ozone, Oxygen, and Hydrogen Peroxide Injection for Aggressive In-Situ Chemical Oxidation of 
MTBE and TBA   
 
Charles B. Whisman, P.E., Director of Engineering, Groundwater & Environmental Services, Inc., 
410 Eagleview Boulevard, Suite 110, Exton, PA, 19341, USA, Tel: 610-458-1077 (ext. 156), Fax: 
610-458-2300, Email: cwhisman@gesonline.com 
Peter Herlihy, Eastern Region Manager, Applied Process Technology, Inc., 3333 Vincent Road, 
Suite 222, Pleasant Hill, CA, 94523, USA, Tel: 925-977-1811, Fax: (925) 977-1818, Email: 
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There are many limitations with providing cost-effective remedial solutions for sites impacted with 
MTBE and TBA.  GES and APT have developed an aggressive in-situ chemical oxidation system 
to remediate MTBE and TBA at costs below conventional methods.  At our site in Delaware, the 
system was utilized at a site where a large dissolved-phase BTEX, MTBE, TAME, and TBA plume 
(approximately 800 feet in length) impacted numerous residential supply wells and properties.  
Following pilot testing activities and a detailed life-cycle cost analysis of potential remediation 
technologies, the chemical oxidation process was selected since it was determined to be the most 
cost effective solution and indicated the shortest remedial life cycle.  The system involved injecting 
oxygen, ozone, compressed air, and hydrogen peroxide (via subsurface piping) to ten injection 
locations along two property boundaries.  Each of the injection locations contained two nested 
injection points: ozone, oxygen, and compressed air are injected into one injection point, and 
hydrogen peroxide is injected into the second injection point.  The total flow rate of the ozone, 
oxygen, and compressed air stream was high enough to create a radius-of-influence of greater 
than 15 feet at each injection location to remediate adsorbed-phase contaminants in surrounding 
saturated soils in addition to dissolved-phase contaminants.  The system control panel cycles the 
injection of ozone, oxygen, air, and hydrogen peroxide to the injection points to aggressively pulse 
the operation of the system.  As hydrogen peroxide is introduced with ozone, reactions take place 
to form hydroxyl radicals, which are very powerful oxidizers.  The presentation will evaluate the life 
cycle cost analysis which was utilized, detail the system design specifications and operational 
features, and evaluate the results of the technology at the Delaware site, where most of the 
dissolved-phase plume was remediated in the first three months of system operation. 
Enhanced Natural Attenuation of MTBE & Benzene at a Low Permeability Site Using iSOC 
Technology  
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970-377-1539, Fax: 970-377-3865 
Nick Mathis, O&G Environmental, Inc., Englewood, CO 80112, Tel: 720-529-9777 
James F. Begley, MT Environmental Restoration, 24 Bay View Avenue, Plymouth, MA  02360, Tel: 
508-732-0121, Fax: 508-732-0122 
 
The use of pure oxygen in groundwater to enhance natural attenuation of gasoline constituents 
(e.g. benzene, MTBE) has been growing as a remediation technology since the mid 1990’s.  
Presently there are a variety of technologies available which will introduce dissolved oxygen into 
groundwater to supply oxygen for microbes.  Unfortunately, some oxygen delivery technologies 
such as air sparging and peroxide injections are not feasible or effective at low permeability sites.  
Nearly 100 sites across the US are currently using the insitu Submerged Oxygen Curtain (iSOC™) 
technology.   Many of these sites are composed of sediments with low to very low permeabilities. 
Experience in the field has shown that in each well where an iSOC™ unit is installed, dissolved 
oxygen levels in excess of 40 to 60 parts per million (ppm) can easily be achieved.  The effective 
radius of influence of the iSOC™ in groundwater leaving the monitoring wells is typically 10-15 
feet.  Dissolved oxygen concentrations of over 8 ppm in monitoring wells 60 feet down gradient of 
injection wells have been reported.  The iSOC technology was utilized at a low permeability 
Colorado site with MTBE and benzene concentrations as high as 195,000 μg/L and 5,000 μg/L, 
respectively in groundwater. A 6-month pilot test was conducted with an iSOC™ unit installed in 
one treatment well and was followed up with a full scale treatment system utilizing six iSOC™ 
treatment wells. Dissolved oxygen concentrations were monitored in treatment wells and 
monitoring wells.  In the highest concentration area of the plume, MTBE and benzene were 
reduced by more than 99%. 
 
 
 
 
 
Simulation of Effects on Ground Water From Small-Volume Releases of Gasohol in the Vadose 
Zone 
 
Matthew A. Lahvis, Shell Global Solutions (US), Inc., Westhollow Technology Center, 3333 
Highway 6 South, Houston, TX 77082-3101, Tel: 281-544-7661 Fax: 281-544-8727 
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Transport modeling is used to evaluate potential ground-water contamination resulting from small-
volume releases of gasohol (i.e., gasoline containing the fuel oxygenate ethanol - EtOH) in the 
vadose zone.  Mass fluxes (loading rates) and travel times of EtOH and benzene to ground water 
are predicted as a function of soil type, biodegradation rate, ground-water infiltration rate, and 
depth to ground water.  Model results indicate that EtOH migration is limited to less than 100 cm 
for a extremely conservative approximation of the biodegradation rate (k = 0.01 d-1).  Transport of 
EtOH is primarily by aqueous-phase processes (diffusion and advection) because the compound is 
completely miscible.  Because vapor diffusion is not a relevant transport mechanism for EtOH, the 
capillary zone has little effect on mass transport.  Benzene migration to ground water is also 
significantly affected by biodegradation in the vadose zone.  In coarse-grained soils (e.g., sand), 
biodegradation limits transport to less than 100 cm assuming reasonable approximations of the 
biodegradation rate.  In finer-grained soils (e.g., sandy clay), benzene transport to ground water 
can be significant due to development of anaerobic conditions in the vadose zone.  Travel times to 
ground water can be more than an order of magnitude greater for EtOH than for benzene 
depending primarily on soil type, depth to ground water and biodegradation rate.  Collectively, 
these results indicate that small-volume releases of EtOH-blended gasoline in the vadose 
zone are not likely to cause significant ground water impacts unless located near the water table, 
or, in the case of benzene, biodegradation is limited.  
 
 
 
 
HiPOx Advanced Oxidation of TBA and MTBE in Contaminated Groundwater   
 
Reid H. Bowman, Ph.D., Applied Process Technology, Inc., 3333 Vincent Road, Suite 222 
Pleasant Hill, CA 94523, Tel:  805-649-5796, Fax:  805-649-5947, Email:  
rbowman@aptwater.com 
 
This paper presents results from several pilot studies and full-scale remediation sites in which an 
Advanced Oxidation Process (ozone/hydrogen peroxide) was used to remove TBA and MTBE from 
contaminated groundwater.  The concentration of TBA in the groundwater at the various sites 
ranged from 29 μg/L to 4,800 μg/L. The MTBE concentrations ranged from 42 to 110,000 μg/L.  
The sites include abandoned gas stations, active gas stations and gasoline terminals located in 
California, Nevada and New Jersey.   At the full-scale remediation sites, the flow of contaminated 
water treated ranged from 5 to 60 gallons per minute (gpm).  While discharge requirements vary 
from site to site, we have demonstrated that the TBA and MTBE concentrations can be reduced to 
less than each site’s respective detection limits. Pilot work at each site allowed for the development 
of an empirical model to determine the concentrations of ozone and hydrogen peroxide demanded 
to meet the TBA and MTBE discharge requirements.  Comparisons between the pilot study results 
and the full-scale remediation site results demonstrate the scalability of this process. 
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Continued operation of periodic injection of air/ozone microbubbles into groundwater under retail 
dispensers of gasoline provides a level of protection against low volume releases from vapor or 
liquid during operation.  Four years of operation at spill sites has shown that the ozone targets 
higher health risk compounds, including aromatic additives (BTEX, naphthalenes, 
methylbenzenes) and oxygenates (MTBE, ETBE, TBA, TAME).  Periodic injection sufficient to 
bring the groundwater up to conditions of suitable oxidation potential (+200 mv) and dissolved 
oxygen content about 3 mg/L) maintains a suitable background condition for chemical oxidative 
decomposition and continuing heterotrophic bacterial decomposition of common carboxylic acids 
or alcohol fractions resulting from oxidation.  A summary of experiences at numerous sites is 
presented.  Whereas initial remediation of a prior spill may involve short-term use of higher 
concentrations of oxidant, long-term pulsing requires a balance between maintaining optimal 
conditions for petroleum compound removal and avoiding impact to nontarget site materials.  To 
evaluate the level of risk of damage, a ranking of structural materials and sensitivity to ozone was 
compiled from existing sources.  The expected concentration of ozone with distance in both 
gaseous and aqueous forms under microbubble production was compared to materials sensitivity 
(when available) to prepare a set of standard safety operating procedures.  Conditions such as 
groundwater level beneath grade were found to be an important factor. 
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Anaerobic dechlorination of PCBs removes chlorines from highly chlorinated congeners, and thus 
reduces their toxicity and increases their aerobic biodegradability. Most of the dechlorination 
observed in the environment and laboratory occurs under methanogenic conditions, where other 
microorganisms, including methanogens, may compete with the PCB dechlorinators in a sediment 
community.  For microorganisms catalyzing redox processes, the availability of electron acceptors, 
electron donors, and carbon sources will determine the energy available for microorganism growth. 
Work in our laboratory has shown that some PCB dechlorinators and methanogens share the 
same electron donor, hydrogen.  It is hypothesized that PCB dechlorinators and methanogens will 
have different hydrogen affinities and thresholds and will respond differently to environmental 
stimuli.  Therefore, by controlling and limiting the availability of hydrogen the growth of PCB 
dechlorinators will be favored against methanogens. Research in our laboratory has found that the 
acclimation phase of PCB dechlorination was shortened by two months in reactors amended with 
0.1% H2 (equivalent to 780 nM), compared to unamended reactors or reactors amended with 1% 
hydrogen. It is our hypothesis that the PCB dechlorinators in sediment of other source will behave 
similarly, and there is an optimal (and low) hydrogen concentration that enhances PCB 
dechlorination in general while restricting the growth of methanogens.  Experiments are currently in 
progress to verify this hypothesis and determine the hydrogen affinity of PCB dechlorinators and 
the population dynamics of sediment cultures in the presence of varying electron donors 
 
 
Bioremediation of Bedrock Groundwater contaminated with Tetrachloroethene, Trichloroethene, 
Trichloroethane, Toluene and Hexane 
 
Jonathan Aisner, LSP, and William E. Baird, PE, LSP, Web Engineering Associates, Inc.,  
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Located in Eastern Massachusetts, the geology of the site is approximately 10 feet of glacial till 
over granite.  The bedrock is competent at ± 40 feet.  The groundwater elevation is 8 to 10 feet 
below grade surface.  The aerial extent of the site is approximately 1 acre.  Numerous releases 
occurred at the site from leaking underground piping, tank overfills and leaking drums.  The highest 
concentrations of contaminants detected at the site are as follows: Trichloroethane-940ppm, 
Trichloroethene-67ppm, Tetrachloroethene-17ppm, Toluene-14ppm, Hexane-LNAPL.  The 
groundwater has a high concentration of iron. 
 
In June 2001, a pump and treat bioreactor system was installed.  The system consists of pumping 
from two perimeter down-gradient recovery wells into a 500 gallon plastic tank aerated by a small 
compressor followed by another 500 gallon plastic settling tank, two parallel bag filters and a 1,000 
lb. carbon canister.  The effluent flows by gravity into an up-gradient leaching field.     
 
The average daily flow rate treated is 5,700 gallons.  Since startup, 4.85 million gallons of 
groundwater have been treated.  The capacity of the leaching field limits the systems flow rate.  In 
the summer, with water temperatures approaching 68oF, the bioreactor system removed more than 
95% of the contaminants.  In the winter, with water temperatures at 43oF, the system efficiency 
declined to ±50%.  The average daily influent of contaminants is 559mg.  The average daily 
effluent is 118mg.  The average daily influent of chlorine is 353mg.  The average daily effluent of 
chlorine is 76mg.   
   
The system did not work until microbes and nutrients were added to the first bioreactor.    The 
microbes added to the first bioreactor are a consortium of aerobic hydrocarbon degraders and 
aerobic chlorinated compound degraders.   
 
The capital cost of the system is less than $5,000.00.  Utility costs are approximately 160 
kw/month.  The monthly cost of microbes is $1,300.00.    
 
 
Substrate Release Composition (SRC): An Innovative Tool for the Anaerobic  Bioremediation of 
Chlorinated Organics 
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SRC is a new anaerobic bioremediation product that consists of a complex blend of substrates in 
granular form.  SRC has been demonstrated to promote the anaerobic catabolism of chloro-
organic contaminants ranging from toxaphene to TCA, PCE, TCE, cDCE and mixtures thereof in 
several different hydrogeologic settings. Applications have included targeted treatment of NAPLs 
and source-area aquifer media.  As opposed to other substrates that require significant 
preparation, pumping and injection, SRC has been applied by the comparatively simple method of 
pouring the SRC granules or briquettes directly into conventional PVC wells by gravity.  Treatment 
methods have generally consisted of the direct application of SRC into 2-in. and 4-in. diameter 
PVC wells located and screened so as to be within or immediately upgradient of source areas and 
suspected NAPL zones.  Subsequent operation and maintenance of the treatment wells has been 
minimal.  Post-treatment ground-water data from several ongoing pilot studies has consistently 
shown demonstrable reductions in the concentrations of parent chloro-organic compounds in 
ground-water including toxaphene, TCA and PCE.  Interesting observations have included that 
whereas the relative proportions of cDCE to parent compounds have increased in response to 
SRC treatment, cDCE does not appear to be accumulating and no increases in vinyl chloride have 
been observed.  Microscopy analyses and DNA assays have demonstrated that SRC promotes a 
robust and diverse anaerobic consortia of bacteria, archea and fungi.  A composite interpretation of 
chloro-organic, biogeochemical, trace gas and microbial ecology data from several sites suggests 
that SRC has stimulated the anaerobic mineralization of chloro-organics in a manner not explained 
by simple reductive dechlorination alone.  Candidate processes being investigated by the author 
include a novel chloro-organic catabolic process linked to anaerobic methane oxidation in 
conjunction with reductive dechlorination.  Data on site conditions, SRC treatment methods and 
monitoring results from several ongoing pilot programs will be presented. 
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The Caldwell Trucking Superfund Site is located in Essex County, NJ, and covers approximately 
15 acres.  Groundwater occurs in both the glacial deposits and the fractured bedrock, which are 
hydraulically connected.  Contamination consists of chlorinated ethenes and ethanes, principally 
trichloroethene (TCE), extending approximately 4,000 ft downgradient of the site.  TCE 
concentrations in the source area were as high as 700,000 μg/L (about 60% of TCE solubility).  
Natural biodegradation is present over much of the site; however some areas, particularly in the 
source area, appeared to be substrate limited.  Therefore, the Potentially Responsible Parties 
proposed and implemented a comprehensive groundwater remedy that included bioremediation of 
the source area. Microcosm studies demonstrated that complete degradation of the contaminants 
could be achieved.  A field pilot test of in-situ enhanced bioremediation in the source area was 
initiated in 2001.  The layout included six nutrient injection wells and seven downgradient 
monitoring wells (wells screened in glacial deposits and fractured bedrock).  Injection wells were 
bioaugmented with a culture of naturally occurring microorganisms (KB-1 Culture of 
dehalococcoides ethenogenes) in March 2001. In over sixteen months of operation, the system 
was optimized by adjustment of the amendment composition and the injection frequency.  The 
initial equimolar mixture of methanol, acetate, and lactate was modified in February 2002 to 
eliminate acetate and increase the lactate concentration.  The injection frequency was also 
increased from monthly to weekly to daily in order to achieve more consistent biodegradation 
activity throughout the treatment zone.  Gene probe techniques were used to verify initial and 
continued survival and propagation of the KB-1 Culture organisms.  The pilot test demonstrated the 
complete degradation of TCE to ethene and 1,1,1-trichloroethane to ethane in areas that had 
previously shown little if any natural biodegradation.  Approximately 50% reduction of 1,1,1-TCA 
and 70% - 100% reduction of TCE was achieved. 
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A permeable mulch biowall was installed at Altus Air Force Base (AFB), Oklahoma in June 2002 to 
stimulate reductive dechlorination of chlorinated solvents in groundwater at Landfill 3.  The 
remedial objective of the biowall is to attenuate and contain a shallow groundwater plume 
contaminated with trichloroethene (TCE) and cis-1,2-dichloroethene (cDCE).  Mulch and compost 
are byproducts of the landscaping and agricultural industries, and can often be obtained for the 
cost of handling alone.  These substrates are intended to be used as solid-phase, long-term 
carbon sources to stimulate reductive dechlorination of chlorinated compounds over periods 
several years. 
 
The biowall was installed in 4 days using a continuous trencher, measuring 455 feet long by 24 
feet deep by 1.5 feet wide.  The biowall is composed of approximately 300 cubic yards of bark 
mulch, 60 cubic yards of cotton gin compost, and 265 cubic yards of sand (to maintain 
permeability).  Depth to water varies from 6 to 8 feet, and the trench is intended to intercept over 
80 percent of the groundwater plume contaminant flux.  Performance monitoring was conducted in 
July and September 2002. 
 
Preliminary data indicate that organic carbon within the biowall has been sufficient to induce sulfate 
reduction and methanogenesis, oxidation-reduction conditions that are conducive to reductive 
dechlorination.  Elevated levels of metabolic acids (primarily propionic and butyric acids) indicate a 
high level of biological activity.  Fermentation of metabolic acids is known to produce molecular 
hydrogen and to stimulate reductive dechlorination.  Concentrations of TCE within and 
downgradient of the biowall have been reduced within 3 months by an average of 98 percent and 
60 percent, respectively.  Concentrations of cDCE have increased in most locations, with no 
accumulation of vinyl chloride.  Monitoring will continue to determine the long-term ability of the 
biowall to degrade TCE to innocuous end products. 
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Potential remediation processes for explosives and perchlorate impacted soil and groundwater are 
being evaluated on a fast track schedule at the Camp Edwards Training Area on the 
Massachusetts Military Reservation (MMR). Soil and in situ groundwater remediation laboratory 
treatability studies have been performed since 2000. The most recent round of studies focuses on 
ex situ remediation of both perchlorate and explosives in groundwater using fluidized bed reactor 
(FBR), with other processes to be evaluated in the coming year.  Historically, range training 
operations at Camp Edwards resulted in the deposition onto soil of propellants, explosives, and 
pyrotechnic (PEP) compounds, some of which have been detected in groundwater.  Perchlorate is 
present at concentrations ranging from less than 1 to 300 μg/L.  Hexahydro-1,3,5-trinitro-1,3,5-
triazine (RDX) is most the commonly detected explosive in groundwater and is present at 
concentrations ranging from less than 1 to 200 micrograms per liter (μg/L).  The FBR process has 
been used to degrade relatively high influent perchlorate concentrations at other sites, in the range 
of milligram per liter in groundwater.  However, Camp Edwards presents different challenges for 
treatment.  In some operable units at the site, both perchlorate and RDX are present in 
concentrations of approximately 100 to 200 μg/L.  In other operable units, only perchlorate is 
present in groundwater, at concentrations below what until recently have been considered as a 
cleanup standard for many sites of 4 μg/L.  The challenges for the FBR treatability studies were to 
remediate groundwater in each of these operable units to project goals of less than 1.5 μg/L for 
perchlorate and to show significant degradation of RDX if it is present.  The challenges have been 
achieved in two studies.  These laboratory-scale studies are robust enough to provide information 
to design and implement field-scale applications in the coming year. 
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The nature of the railroad industry nearly ensures the release of petroeum hydrocarbons (in the 
form of diesel fuel, motor oil, lubricating oils, etc.) to the soils and subsoils along the thousands of 
miles of rail tracks throughout the United States.  The operation of a locomotive, for obvious 
reasons, is dependant upon the use of these forms of petroleum hydrocarbons, and leaks, spills 
and accidents are unavoidable in many cases.  Nevertheless, these releases may be regulated by 
state environmental agencies.  In Massachusetts, for example, the regulations governing the 
cleanup of releases of oil and hazardous materials -- the so-called Massachusetts Contingency 
Plan, 310 CMR 40.000 -- do not exempt the railroad industry from remediating spills in excess of 
the 10-gallon 'Reportable Quantity'.  Cleanup of spills along active rail lines, however, can be quite 
challenging.  Rail traffic presents significant dangers to remediation personnel.  Moreover, although 
excavation of contaminated soils is often the most expediant method for remediating a spill, this 
option is not always available at sites along active lines, particularly those with no alternative 
routes, as interruption of rail traffic is not economically acceptable for the rail company or its 
clientel.  At the 2001 International Conference on Contaminated Soils, Sediments and Water, the 
authors presented the preliminary results of  a bioremediation program that was implemented at 
the Palmer Railroad Yard to address the release of 700 gallons of diesel fuel along 1,000 linear 
feet of railroad tracks.  The initial results of the project were inconclusive, however, in the 
intervening period additional innoculation, fertilization and wetting of the affected soils has 
produced a reduction of soil petroleum hydrocarbon concentrations to levels that are less than the 
regulatory cleanup standards, thereby allowing site closure.  In this paper we will present the 
details of the additional remediation activities undertaken at the site since 2001 and report on the 
final analytical results to make the case for using this remediation approach successfully at other 
active railroad sites. 
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Measurement of arsenic species is becoming increasingly important in environmental studies due 
to the varying toxicity of the different arsenic compounds. LD50 studies indicate that the inorganic 
arsenic species, arsenite (ASIII) and arsenate (AsV) are far more toxic than the organic arsenic 
species such as monomethyl and dimethyl arsenic. Methods currently exist to determine arsenic 
species in environmental samples but these methods can be labor intensive, employing hydride 
generation followed by cryogenic trapping and gas chromatography atomic absorption (HG-CT-
GC-AA), or utilize very expensive equipment (HPLC-ICP MS) which can significantly add to the 
cost of the analysis. Methods are presented here to determine inorganic arsenic in tissues and 
arsenite and arsenate in sediments utilizing an automated Perkin Elmer FIMS 100 Flow Injection 
Hydride System with atomic absorption detection. Inorganic arsenic is reduced to ASIII prior to 
hydride generation with NaBH4, followed by gas liquid separation, decomposition in a 900oC quartz 
cell and analysis. Inorganic arsenic is leached from homogenized tissue samples prepared by 
cryogenic cell disruption and pulverization followed by extraction in 2 M HCl. An intercalibration 
study on fish tissue utilizing HG-CT-GC-AAS gave similar results and good matrix spike recoveries 
were observed. Organic arsenic species are not converted to inorganic arsenic during preparation. 
ASIII and AsV are selectively leached from sediments with 0.1 M H3PO4 and 0.1 M Na3PO4 
respectively. Sediments and tissues are leached in an ultrasonic bath for 24 hours and centrifuged 
prior to reduction and analysis. A reporting limit of 0.01 mg/kg wet weight is achieved for each 
matrix. Organic arsenic compounds, which can from volatile hydrides, are removed from the 
analysis with a trap containing graphitized carbon black. Sample analysis time is about 3 minutes. 
Ultra-Fast Field Gas Chromatography for Site Characterization and Field Monitoring  
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The zNose™ Model 4200 analyzer is a field gas chromatograph (GC) that is capable of analyzing 
volatile organic compounds (VOCs) and semivolatile organic compounds (SVOCs) to part-per-
billion (ppb) levels in less than two minutes.  The analyzer is manufactured by Electronic Sensor 
Technology of Newbury Park, CA and has a surface acoustic wave (SAW) detector that can detect 
and quantify the mass of VOC and SVOC compounds to picogram (10-12 gram) levels.  This 
capability allows for real-time decisions to be made in the field and allows site managers to be 
more effective in conducting site assessments by reducing time and costs.  Soil gas surveys can 
be performed to rapidly delineate the extent of contamination at a site.  Soil borings and test pits 
can be better placed to yield more useful data.  In addition, the zNose™ can be used to test the 
effectiveness of remedial technologies in the field and reduce the need for off-site analysis.  The 
zNose™ also has the capability to produce VaporPrints™, a visual representation of the 
constituents in the sample that allows for identification of mixtures of chemicals.  VaporPrints™ can 
be generated for complex mixtures of chemicals, such as diesel and gasoline, to assist in 
environmental forensics. 
 
Is Method 1664A Silica Gel Treated N-Hexane Extractable Material (SGT-HEM; Non- Polar 
Materials) a Measure of Total Petroleum Hydrocarbons? 
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Total Petroleum Hydrocarbons (TPH) is a non-specific parameter that has been defined by EPA 
method 418.1and used for over twenty years to estimate the contamination of the environment by 
petroleum products.  The method is simple, inexpensive and straightforward. Freon 113 is used to 
extract petroleum from the matrix, treated with silica gel and then determined by Infrared 
Spectroscopy.  Due to the implementation of the Montreal Protocol production and importation of 
Freon 113 is now banned in the United States.   The search for a replacement is underway.  US 
EPA method 1664A Silica Gel Treated N-Hexane Extractable Material (SGT-HEM; Non- Polar 
Materials) has been considered by many States as a replacement for method 418.1.   
 
The New Jersey Department of Environmental Protection has over four hundred permits that 
require the determination of Petroleum Hydrocarbons/ TPH.  The ConocoPhillips Bayway Refinery 
has a wastewater discharge permit for Petroleum Hydrocarbons that specifies the use of method 
418.1.  The intent of this study was to determine if Method 1664A could replace method 418.1.  A 
major difference between the two methods is the determinative procedure.  Method 418.1 is a 
direct instrumental measurement of the dried extract.  Method 1664A is a gravimetric 
measurement that requires heating the extract to remove the solvent. The key question to be 
answered is; what carbon range petroleum hydrocarbons are lost by heating the extract? 
 
Method 418.1 determines diesel (#2 fuel oil) to #6 fuel oil, approximate carbon range C 8 – C60. 
The use of this method at gasoline site is not appropriate because 50-60% of the material is lost 
during the analysis.  This paper presents the carbon range study for Method 1664A.  Hexane 
solutions of normal hydrocarbons in the C8 – C14 range were evaporated using the Horizon 
SPEED – VAPTM II 9000 Solvent Evaporation System. Seven individual aliquots of each set of 
standards were subject to the evaporation procedure at 28C and at 45C the temperature 
specified by the SPEED – VAPTM procedure manual.  Another study was done using a water bath 
set at 85oC to obtain the distillation temperature of 70C recommended by method 1664A. 
 
The mean recovery of n-octane (C8) was negligible (less than 10%) at each of the three 
temperatures. The difference for recovery of n-decane (C10) and n-dodecane (C12) at the three 
different temperatures was significant with higher mean recoveries observed at 28oC (C12 77%).  
The recovery of n-tetradecane and the winter diesel standard at 28C and 45oC were similar 90 - 
85%. The recovery of n-tetradecane and the winter diesel standard at a distillation temperature of 
70C were 70 – 60%.  The carbon range for winter diesel is about C12 to C30. 
 
The study shows that the recovery of petroleum hydrocarbons by method 1664A is temperature 
dependent. Petroleum compounds with carbon numbers as low as C12 can be successfully 
recovered using the Horizon SPEED – VAPTM II 9000 Solvent Evaporation System, at an 
operational temperature of 28C.  Under this condition the method 1664A Silica Gel Treated N-
Hexane Extractable Material (SGT-HEM; Non- Polar Materials) can be a replacement for method 
418.1.  Since every discharge has different composition a comparison study should be done. 
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Solid Phase Microextraction (SPME) is an alternative to the more traditional purge and trap sample 
preparation technique for volatile organic compound (VOC) analyses. SPME offers a faster, more 
field friendly and less expensive technique than the purge and trap method. SPME offers precision 
and accuracy equal to the purge and trap technique. These features make SPME the method of 
choice for high quality/high quantity data that are integral to the success of today’s site 
investigations. SPME consists of a simple and relatively inexpensive phase-coated fiber that, when 
exposed for a given amount of time to the sample, allows for the analytes to partition onto the fiber. 
The fiber is then placed into the GC injection port to allow for thermal desorption and transfer of the 
analytes onto the GC column. The method is accepted by the American Society for Testing and 
Materials (ASTM) as a sample preparation method for VOCs and semi-volatile organic compounds 
(SVOCs) in water samples. The technique can be applied to water, soil and air analyses. Due to 
the relatively inexpensive SPME instrumentation and the fact that an SPME extraction is typically 
performed in under ten minutes, the cost and speed of the SPME technique are a fraction of those 
of the purge and trap technique. Two confirmation studies involved having duplicate samples sent 
to a fixed lab for gas chromatography/mass spectrometry (GC/MS, Method 8260) analyses and 
comparing the results to the field lab’s SMPE/GC results. The paired analytical results for the water 
and soil samples were found to compare extremely well; the overall average relative percent 
differences (RPD) for the water and soil analyses were 27 and 25, respectively. A performance-
based evaluation of the SPME technique indicated the SPME method can be used to produce fully 
defensible data, as defined using the EPA’s SW846 8000 guidelines and acceptance criteria.  
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With the recent concerns of hazardous chemical agents possibly being introduced into public water 
supplies and in-coming process water, there is a greater need for a rapid screening technique to 
detect these agents, before serious health issues can arise.  One approach is to develop a quick 
and sensitive, qualitative screening method, which would allow many water samples to be 
analyzed quickly, to determine if there are any chemical agents present.  The desired goal of one 
major drinking water facility was to be able to process and analyze 100 samples, in a 2 hour 
turnaround time period. 
 
The first step in proving if this goal of fast analysis with low detection limits was possible was to run 
various classes of compounds, and ensure the compounds could be extracted at expected target 
levels.  The classes of compounds tested were Acids, OCP’s, OPP’s, PCB’s, Neutrals, Phenols, 
and Hydrocarbons.  An automated SPE disk extractor system, along with a novel drying procedure 
was used.  No concentration of the final extract was performed.  Once each of these classes of 
compounds was determined individually, at the desired detection limits, all of the classes were 
mixed, and the sample analyzed.  Using a LECO Pegasus Time of Flight MS system (TOF), all of 
the compounds were detected, and at the desired detection limits. 
 
This paper will review the analytical conditions used to extract and analyze these test samples.  
Detection limits of each compound will also be presented.  In addition, an explanation of the 
sampling technique proposed will be explained. 
A Comparison of Commonly Used Cyanide Analytical Methodologies for MGP Site Applications 
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Two groundwater samples collected from a known manufactured gas plant (MGP) site and a 
laboratory reference sample were analyzed in triplicate using a series of cyanide analytical 
methodologies.  The groundwater samples were representative of site conditions and had differing 
concentrations of total cyanide present.  The reference sample was prepared by adding a known 
concentration of potassium cyanide and ferric ferrocyanide to laboratory regent water.  
 
The two samples, along with the reference sample were analyzed in triplicate using the following 
methodologies: 
 
♦ total cyanide  (SM 4500-CN-CE) 
 
♦ cyanide amenable to chlorination  (SM 4500-CN-CEG) 
 
♦ weak acid dissociable cyanide  (SM 4500-CN-I) 
 
♦ physiologically available cyanide  (MA DEP) 
 
♦ free cyanide  (SM 4500-CN-E) 
  
 
The results, as well as observations and interpretation are presented with special emphasis placed 
on the usefulness of the data for MGP Site project applications.  
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The transport of chlorinated volatile organic compound (VOC) vapors from groundwater into 
occupied buildings is of concern, as indoor air concentrations of these compounds may present 
risk to occupants.  Often, indoor air concentrations are not measured and we rely on transport 
models to estimate indoor air concentrations based on groundwater or soil gas measurements.  
We evaluated residences in a neighborhood that had groundwater impacted with chlorinated 
VOCs.  We collected groundwater samples from various wells around the neighborhood, and 
collected two rounds of soil vapor and indoor air data from over 30 residences.  Some of the 
residences were located over the plume and others were not located over the plume.  In addition, 
ambient air samples were collected on each sampling day from the neighborhood.  We present the 
inter and intra-medium concentrations that we detected, as well as the data patterns that described 
the transport of the VOCs.  We also describe how the transport conclusions compared to 
conclusions that would have been made if only fate and transport modeling had been performed.  
In addition, we present the correlation of measured indoor air concentrations to ‘background’ 
indoor air concentrations and how indoor or ambient sources may have affected the indoor air 
results. 
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Although introduced to environmental remediation in the late 1980’s, directionally bored horizontal 
groundwater withdrawal wells are not widely used.  Three considerations have contributed to their slow 
acceptance: cost, difficulties predicting hydraulic performance, and a negative perception of the “pump-and-
treat” approach.  Considerable progress has been made toward resolving the first two considerations.  
Knowledge from the oil industry, lessons learned from remediation case studies, and recent research are 
now available to assist in predicting the yield and capture of a horizontal well.  The capital cost for a 
horizontal well, which includes the directional boring contractor, materials, development, and waste 
management, will vary based on site-specific conditions and well specifications.  For instance, foregoing a 
filter pack will lower the total cost of a horizontal well even though this design choice may require more 
aggressive well development.  Given that hydraulic containment by “pump-and-treat” can be the best 
compromise between owners, regulators, and the public, a horizontal well may be the most cost effective 
choice.  A case study is presented to illustrate the process of selecting, designing, and implementing a 
horizontal groundwater withdrawal well system.  The site is an active rail classification and maintenance yard 
located in the Coastal Plain Province of the Southeast U.S.A.  The yard is regulated as a closed hazardous 
waste disposal facility and, along with 1,711 other facilities subject to the EPA’s RCRA Cleanup Reforms, is 
facing accelerated demands to implement remedial action to meet a set of ambitious national cleanup goals.  
Over 80 acres of site groundwater contain chlorinated solvent constituents, including trichloroethylene at 
concentrations as high as 630,000 micrograms per liter.  A horizontal well hydraulic barrier has cost 
effectively eliminated off-site migration and discharge into a 3,000-foot reach of surface water, bringing this 
site into compliance with the EPA’s goals. 
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The term "Natural Attenuation" (NA) has been defined as naturally-occurring processes in soil and 
groundwater environments that act without human intervention to reduce the mass, toxicity, mobility, volume, 
or concentration of contaminants in those media. Monitored natural attenuation (MNA) protocols generally 
involve the collection of biogeochemical data from groundwater monitoring wells at sites. To implement this 
approach, the data are typically correlated in time and space with the various chemicals of concern (COC’s) 
to establish predominant biodegradation mechanisms. Unfortunately, some use the first-order decay 
expression/rate coefficient as a calibration parameter and adjust it until the transport model results match 
field data.  With this approach, uncertainties with a number of parameters (e.g., dispersion, sorption, 
biodegradation, etc.) are lumped together in a single calibration parameter. The natural attenuation decay 
rate estimated using the lumped parameter approach does not distinguish the biodegradation rate/processes 
from others. We have applied several groups of dimensionless parameters to aid in the interpretation and 
isolation of reactive and non-reactive transport processes. A series of nomographs have been developed for 
analysts to easily identify the governing processes in time in the near- and far-field areas from an organic 
chemical release. Used in conjunction with analytical and numerical models, the dimensionless framework 
will aid in the interpretation of data and selection of various advanced modeling approaches. The Site-
Specific Damkohler Number is a simple check on the rate of mass flux to the biodegradation rate that can be 
used to estimate the relative importance of plume migration via dispersion. 
 
The developed nomographs were applied to petroleum affected groundwater sites in California and the 
results of their application throughout the period of record will be presented. Further, the utilization of the 
dimensionless framework will be applied to a site investigation to demonstrate their vitality for maximum data 
impact and site analysis. 
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Optimization of the ABL groundwater treatment plant has resulted in reduced plant downtime and lower 
operating costs. In order to prevent off-site migration, VOC contaminated groundwater is being extracted 
from the alluvial and bedrock aquifers and processed by an on-site treatment system.  Treatment and 
associated long-term monitoring is expected to continue for many years because source removal is 
impractical. 
 
This groundwater treatment began in 1998 using the following processes;  VOC destruction and dissolved 
metals oxidation with a UV Peroxide Injection Unit, metal precipitates and suspended solids removal with a 
10 micron filter, residual VOC air stripping, and final carbon adsorption to remove residual hydrogen 
peroxide.  After several months of operation calcium carbonate precipitation in the carbon filter resulted in a 
series of plant shutdowns.  pH rise in the air stripper facilitated this precipitation.  An optimization study was 
performed including a review of influent, effluent, and process water chemistry, after which the UV/peroxide 
and carbon adsorption units were both eliminated from the treatment process.  Successful operation 
continued in this manner until scale in the air stripper decreased air flow and hence, the VOC removal rate.  
An acid recalculation system was installed to periodically remove this precipitate. The treatment plant 
continues compliance with air and water discharge standards.  Annual cost savings due to the system 
reconfiguration are approximately $74,000. 
 
Optimization activities have also been effective in significantly reducing costs associated with long-term 
groundwater monitoring.  By examining the goals of the long-term monitoring program and working 
collaboratively with regulatory agencies the frequency of monitoring has been decreased, required analytical 
parameters have been minimized, and passive diffusion bag samplers have been utilized for sample 
collection.  These efforts have resulted in annual cost savings of approximately $366,000. 
 
The presentation will provide site/plume maps, treatment plant drawings, sampling plans, and cost charts to 
identify improvements.  
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Multi-Site, Single-Task Approach to Managing Multiple Remediation Sites.  
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The long-term operation, maintenance, and monitoring activities for hazardous waste cleanup sites are often 
the largest cost factor in the overall cost of a site remedy, due to the long “tail” of site activities potentially 
involved in site operations. This case study details the activities conducted to minimize costs and decrease 
the operations and maintenance period for a program of forty remediation sites nation-wide. In addition to 
cost savings generated by consolidating most of the administrative functions across the forty locations, 
another significant source of cost reduction came from centralizing similar monitoring and reporting functions 
across the sites. This means that one person coordinates all reporting functions, all sampling activities were 
coordinated by one person, all data for the program is evaluated by one person and so on. We call this 
approach the multi-site, single task management approach.  Using this approach, we were able to reduce 
the analytical and database maintenance costs by over 50 percent during the first year. We developed a 
Lotus Notes-based calendar for tracking all monitoring, inspection, and reporting requirements for all of sites. 
Significant regulatory documents including RCRA, NPDES and POTW permits, Records of Decision, and 
Remedial Design/Remedial Implementation documents, have been scanned into this program for immediate 
access by the project team. This program is accessible via the Web to the client for tracking all deliverables 
and sampling activities. This case study details the program developed to streamline the entire program. 
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The MacGillis and Gibbs Superfund site, located in Minnesota, hosted two former wood treatment facilities 
that used pentachlorophenol (PCP), a listed hazardous waste, and creosote as a wood preservative that 
over time impacted a total of nearly 15,000 yd3 of soil. 
Based on the soil’s initial PCP level, an average reduction of 90% was required to achieve the restrictive 
clean up criterion of 10 mg/kg, for 10,500 yd3 of treated soil to be used as backfill on site. As biological 
treatment was the selected remedy to treat the contaminants of concern, Biogenie undertook, only 4 weeks 
prior to the full-scale project, a bench-scale biotreatability study to determine the optimal biotreatment 
parameters for its proprietary ex situ Biopile.  However, due to the limited time available, an insufficient 
amount of data was collected before the on-site remedial work began. Therefore, non-optimal conditions 
were initially implemented in the Biopiles which resulted in very limited PCP biodegradation during the first 
weeks of treatment. Meanwhile, the biotreatability study revealed the presence of a lag phase of 
approximately 6 weeks before PCP biodegradation began. Additional bench-scale tests were therefore 
performed in order to determine corrective measures. The influence of the type of amendments utilized, as 
well as the soil’s pH, humidity and temperature on the indigenous microorganisms’ metabolic activities were 
closely evaluated. It was found that under specific conditions, PCP biodegradation rates of up to 95% could 
be achieved in 29 weeks, without the presence of the lag phase observed on the site. The information 
collected from the biotreatability study allowed for appropriate decisions to be taken and optimal corrective 
measures to be implemented. Upon completion of the treatment, average PCP biodegradation rates ranged 
from 93% to 97%, these results being closely correlated with those obtained with the bench-scale study. 
With this study, we demonstrate how biotreatability studies may support on-site remediation activities not 
only by determining optimal biotreatment conditions, but also by finding ways to adjust unfavorable 
conditions that may occur during full-scale remedial work. 
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At a wood treatment facility for utility poles that SCE operated from 1921 to 1957, subsurface soils are 
contaminated primarily with polyaromatic hydrocarbons (PAHs), dioxins and furans.  Approx. 11,500 m3 
(15,000 cubic yards) of predominantly silty soil requires treatment, to an average depth of 6 m (20 ft) and a 
maximum depth of 30 m (100 ft).  The CA Department of Toxic Substances Control (DTSC) established soil 
treatment standards of 0.065 mg/kg benzo(a)pyrene Toxic Equivalents (TEQ) and 1.0 μg/kg dioxin, 
expressed as 2,3,7,8-tetrachlorodibenzodioxin TEQ.  A feasibility study led to the selection of TerraTherm’s 
patented In-Situ Thermal Destruction (ISTD) technology, which utilizes simultaneous application of thermal 
conduction heating and vacuum to treat contaminated soil without excavation.  The applied heat volatilizes 
organic contaminants within the soil, enabling them to be carried in the vapor stream toward heater-vacuum 
wells.  Because vapors are drawn through superheated (600-700°C) soil in proximity to the heater-vacuum 
wells, most of the contaminant mass present in the subsurface is destroyed in situ, as evidenced by 7 
completed ISTD projects.  Contaminants not destroyed in situ are removed with the vapor stream and 
treated in an Air Quality Control (AQC) system.   
 
TerraTherm installed 785 thermal wells, including 654 heater-only and 131 heater-vacuum wells, in a 
hexagonal pattern at 7.0-foot spacing.  TerraTherm is carrying out the heating in two phases, the first phase 
of which began March 2003.  Each phase will last approximately 90 days, at which time inter-well 
temperatures will achieve 325°C (620°F).  Subsurface monitoring tracks the progress of heating.  The AQC 
system includes a regenerative thermal oxidizer with demonstrated capability of achieving 99% DRE; heat 
exchanger; and granular activated carbon.  A process blower maintains the entire system under vacuum, 
while a continuous emission monitoring system measures stack emissions.  In accordance with DTSC 
requirements, TerraTherm is also conducting several rounds of source testing.   
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There are numerous possibilities for exposure to soil contaminated with heavy metals at hazardous 
waste sites, industrial facilities and in the community.  It has been the practice to estimate the 
potential health risk from such exposures on the basis of the quantity of metal which can be 
removed from soil by rigorous extraction procedures.  However, this approach may overestimate 
risk since it ignores complex interactions between metals and soil that can result in a reduction in 
the amount of metal which desorbs from soil and is subsequently absorbed by the body 
(bioavailability).  The aim of this research was to examine the dermal bioavailability of arsenic, 
mercury, and nickel, respectively, as arsenic acid, mercuric chloride, and nickel chloride.  The 
derived data can then be used to make more accurate assessments of health risk following 
exposure to heavy metal contaminated soil.  In vitro flow-through diffusion cell studies were 
performed utilizing dermatomed male pig skin and radioactive heavy metal compounds.  The 
amount of radioactivity was measured which penetrated skin into receptor fluid and also remained 
in skin following decontamination. Since the metals can potentially diffuse into the systemic 
circulation with time, total penetration was calculated as the sum of each metal in receptor fluid and 
skin.  For all treatments (pure, newly contaminated soil, and aged in soil), less than 0.5% of the 
dose penetrated skin into receptor fluid while skin represented the majority of the total penetration.  
For the newly contaminated soil, the total penetration of arsenic and nickel was reduced by 78-
87% versus the pure metallic compounds, but mercury was reduced by only 40%.  After three 
months in soil, the total penetration of all of the metals was decreased by 95-97%. The results 
indicate that the health risk from metal exposure can be significantly reduced by aging in soil. 
(Supported through funding from the Hazardous Substance Management Research Center and the 
New Jersey Commission on Science and Technology). 
 
A Comparison of State Ecological Risk Assessment Programs 
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Washington state adopted a comprehensive regulatory program governing its use of ecological risk 
assessments for upland sites in February, 2001.  At the time it was conceived, the Washington 
program was one of the most advanced programs in the country.  While it is too early to tell how 
much impact the program has had in Washington, early indications are that it is working, as 
anticipated, to sort out of the process those sites where detailed eco-risk study is not necessary.  
The record on successful use of eco-risk assessments is not yet clear. 
 
Experiences at EPA, and for other states that have experimented with ecological risk assessment 
programs, have not been uniformly good.  Often such programs have gotten bogged down due to a 
lack of clarity in the goals of the programs, an ineffective mechanism for sorting sites out of the 
process, or a failure to examine the question of the ecological protectiveness of proposed 
remedies.  This paper examines the causes of those failures, in light of the apparent success of the 
Washington program.  It also identifies the key areas where more work will be needed to make 
eco-risk assessments a useful and productive tool for site remediation, including its impact on 
rapidly growing efforts by natural resource trustees, in the pacific northwest and elsewhere, to 
secure recovery for losses to biological resource productivity, including in the context of 
endangered species listings and protection programs.   
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As part of the Comprehensive Everglades Restoration Program (CERP), the South Florida Water 
Management District (SFWMD) is acquiring large tracts of land that will be utilized as stormwater 
treatment areas, water storage reservoirs, and other components of the CERP. BEM Systems, Inc. 
(BEM) and the SFWMD have developed methodologies to conduct the pre-acquisition 
environmental assessments necessary to determine if the properties can be utilized for their 
proposed future land use. BEM and the SFWMD have modified the typical property acquisition 
Phase I and Phase II Environmental Site Assessments (ESAs) and coupled them with ecological 
risk assessments (ERAs) to assess the potential risk associated with flooding the property.  These 
methodologies have been utilized on properties ranging from 2,000 acres (St. Lucie County citrus 
groves) to over 20,000 acres (Allapattah Ranch) with land uses including former and active citrus 
groves, cattle ranches, agricultural farms, and industrial facilities.  As a result of the former and 
current land uses, environmental media at the properties have been impacted with residual 
pesticide, metal, and petroleum contamination. The development of the methodology, project 
review and approval have been conducted in coordination with the United States Fish and Wildlife 
Service (USFWS).  The USFWS has responsibility for protection of Federal trust resources under 
the Endangered Species Act and the Migratory Bird Treaty Act.  As such, USFWS has requested 
the additional soil analyses, bioassays, and ERA work in conjunction with CERP projects. 
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The successful application of risk-based decision making protocols hinges on how exposure via 
multiple pathways and associated risks are quantified and communicated to all the stakeholders 
involved in the project.  Significant advances have been made in recent years with regards to 
understanding the pertinent fate and transport processes and developing innovative strategies for 
assessing exposure and risks.  However, the communication of these results still poses a 
significant problem at many sites. The challenge in communicating modeling results and analysis is 
greatly exacerbated as stakeholders often possess diverse educational background, values and 
interests and many times are not fully conversant with the scientific underpinnings and 
uncertainties associated with fate and transport modeling and risk-based decision making process.  
Knowledge management paradigms indicate that effectual decision-making is successfully 
achieved when all the stakeholders possess pertinent knowledge underlying the processes.  
Information technologies and artificial intelligence techniques are seen to provide a suite of useful 
tools that can be used for effective risk-based decision making.  One such technique, namely the 
fuzzy rule-based decision making, could be especially useful as this technique can incorporate the 
often conflicting preferences of various decision-makers and result in linguistic representation of 
the outputs that are easy and intuitive to understand.  This study will demonstrate how fuzzy rule 
based modeling can be used to in the risk-based decision making process to obtain exposure and 
risk estimated and also to communicate the same.                  
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 “Bright-line” criteria – such as air and water quality standards, media-specific screening values, 
preliminary remediation goals, or risk-based cleanup goals for soils or sediments – are used to 
evaluate empirical data for regulatory compliance.  Each of these values has been derived from a 
specific set of underlying assumptions (e.g., frequency and duration of exposures).  States and 
federal agencies have different approaches to assessing compliance with these “bright-line” 
criteria, often varying by media and regulatory program within the same agency.  The comparisons 
to the “bright-line” may include (1) direct comparison of individual sample results, (2) comparison 
using different metrics of central tendency (e.g., arithmetic, geometric or harmonic means) of the 
sample results, and (3) comparison using statistical parameters (e.g., upper confidence limits, 
tolerance limits, or probability bounds) of the sample results.  The process is further complicated 
when: (1) composite samples (and not individual samples) are used, (2) when temporal factors are 
important (such as the “four day average concentration not to be exceeded more than once every 
three years on average” used in chronic Water Quality Criteria compliance), or (3) when concerns 
over the spatial representativeness of the data collection are relevant. Using an artificial dataset, 
we will examine how several different spatial averaging approaches (e.g., spatially-weighted 
bootstrap, random walk, floating domain averaging), relevant to both human and ecological risk 
assessment for calculating soil and sediment concentrations, should be assessed against 
screening values or risk-based cleanup goals. 
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The New Bedford Redevelopment Authority (NBRA) has commenced initial steps to redevelop a 
32-acre railroad site adjacent to downtown New Bedford into a regional Intermodal Center.  The 
four main Contaminants of Concern (COC): PCBs, Polycyclic Aromatic Hydrocarbons (PAHs), and 
the heavy metals arsenic and lead. 
 
Preliminary cost estimates ($12 million) for excavation and offsite disposal of site COC was 
deemed to be prohibitively expensive.  The initial estimates for the construction of a site 
engineered barrier and cap was $4 million. 
 
Due to site grading restrictions for railroad use and requirement to maintain site elevations at 
boundary rail crossings, stringent Massachusetts Contingency Plan engineered barrier thickness 
requirements made the optimum use of the rail area problematic.   
 
EA Engineering, Science, & Technology, Inc (EA) responded to this challenge with a two- pronged 
approach.  First, EA utilized a focused, iterative, “what if” risk assessment as a design tool to 
determine the minimum area of the site that required coverage to achieve a level of risk that was 
acceptable.  Second, EA applied a rigorous statistical comparison site-wide X-ray fluorescence and 
gas-chromatograph field screening data to a limited EPA data-set of validated confirmatory sample 
analysis.  The result was a demonstration of strong correlation between the two data sets and a 
demonstrably positive bias in the field screening data.  EA used these results to justify the risk 
based design that significantly reduced the area of the site requiring the more stringent MCP 
engineered barrier. 
 
The result of these two efforts was the justification to reduce a significant portion of the site 
requiring coverage and a more significant reduction in required thickness across large areas.  
These two modifications resulted in a cost saving for engineered barrier/cap construction of over 
$2,500,000 from initial cost estimates. 
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ATOFINA and GES have worked together to utilize an innovative light non-aqueous phase liquid 
(LNAPL) field-screening methodology to facilitate delineation of residual LNAPL at a former 
polystyrene manufacturing facility located in New Jersey.  The field screening approach utilized UV 
fluorescence and hydrophobic dye tests to identify the presence of residual LNAPL in vadose zone 
and saturated soils in multiple source areas at the site.  The results of the LNAPL delineation were 
used to design an aggressive in-situ chemical oxidation program focused on remediating the 
residual LNAPL to below regulatory levels required by the New Jersey Department of 
Environmental Protection (NJDEP).  GES and ATOFINA teamed with MECx, LLC and utilized their 
patented CleanOX® chemical oxidation technology to complete a 14-day pilot injection program at 
the site.  During the 14-day pilot program, a total of approximately 59,000 gallons of 17.5% 
hydrogen peroxide were injected through a network of 28 stainless steel injection wells. A 
temperature monitoring program, utilizing downwell thermocouples, was conducted throughout the 
injection to ensure that subsurface temperatures remained below predetermined levels.  
Additionally, field parameters such as dissolved oxygen (DO), oxidation/reduction potential (ORP), 
temperature, and pH were monitored at a downgradient monitoring well to determine the effect of 
the injection activities on groundwater geochemistry.  Following completion of the 14-day pilot 
program, a total of 19 soil borings were installed throughout the pilot injection area to determine the 
LNAPL removal effectiveness.  The data generated during the follow-up soil boring program 
indicated that the aerial extent of residual LNAPL in the pilot area was reduced approximately 66% 
and the vertical thickness was reduced by as much as 80%.  Currently, the second phase of 
injection well installation and chemical injection, which is designed to remediate all source areas of 
residual LNAPL at the site, is underway and will be completed in March 2003. 
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Raytheon Company has a former manufacturing facility in Quincy, Massachusetts that has on-
going environmental restoration work for a release of chlorinated volatile organic compounds 
(VOCs) to soil and groundwater.  The site soil consists of 8 to10 feet of a granular fill with some 
peat still present intermittently.  Underlying the fill from 40 to 50 feet are interbedded fine sands, 
silts and clays. Groundwater is shallow at a depth of 2 to 8 feet. The highest VOC groundwater 
concentrations are generally immediately on top of the silt layer. 
 
Raytheon installed a treatment system at the facility consisting of a groundwater/soil vapor 
extraction with air stripping of groundwater and thermal oxidation of stripper and soil vapor off-
gasses from 1997-1999.   Consistent long-term operation of the thermal oxidizer was expected to 
be expensive with an anticipated utility bill of $150,000 per year.   
 
Raytheon sold the facility in 2001.  The new owner has redeveloped the site as a retail store.  
Pending imminent site redevelopment, Raytheon considered the use of innovative remedial 
technologies that would save the company time and money.  As a result of this analysis and 
successful pilot testing, Raytheon used chemical oxidation at the site.  
 
Applications of both sodium and potassium permanganate were selected for four target areas of 
the site (approximately 1-acre).  Permanganate was added into a network of temporary injection 
points, completed 12-14 feet below ground surface. A total of 44,680 pounds of permanganate was 
applied through 97 points during the 10 weeks of addition in 2001.  
 
Post application monitoring indicates significantly decreased VOC concentrations indicating about 
an order of magnitude reduction in total VOCs at most locations.  Several small programs of 
treatment for residual areas have resulted in application of an additional 7,000 pounds of 
permanganate.  Raytheon anticipates continued monitoring of the groundwater until site closure 
can be achieved.   
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As part of an effort to reach state cleanup goals and alleviate the continued need for source area 
hydraulic control, the largest known in-situ oxidation (ISCO) effort was implemented at this 
manufacturing facility site located in New England. TCE and PCE are the primary contaminants at 
the site.  Groundwater extraction and treatment was conducted in the primary contaminant source 
areas at the site for a period of eleven years. Over the course of the pumping and treatment 
program, dissolved concentrations of total chlorinated organic compounds (CVOCs) in the most 
impacted recovery well averaged 457 mg/L.  An ISCO pilot test was conducted in the primary 
contaminant source area, which reduced the average (over 12 months) dissolved concentration of 
total CVOCs to 63 mg/L in the most impacted recovery well, a sustained decrease of over 85%.  
Based on this initial successful application of ISCO technology, a full-scale ISCO system was 
designed and implemented.  One key to successful ISCO is to achieve intimate contact between 
the contaminant and the oxidant.  To achieve this contact and account for the varying depths of the 
targeted CVOCs and the multiple diverse hydrogeologic settings at the site, various permanganate 
application methods were employed at different depths in the full-scale ISCO system.  Application 
methods utilized at this site included gravity addition through vertical and horizontal wells and 
pressurized application through vertical wells to a maximum depth of 160 feet.  This ISCO full-
scale treatment program used a 20% sodium permanganate solution in 28 injection locations in the 
primary contaminant source area and downgradient locations.  This paper summarizes the various 
application methods employed at this site, the safety measures employed and the results of the 
first year’s application of over 75,000 gallons of sodium permanganate solution. This dosage is part 
of the largest ISCO application of permanganate to be applied to date.   
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In-situ chemical oxidation has become a standard tool for the treatment of volatile organic 
contaminants in soil and groundwater.  In-situ chemical oxidation requires the delivery of a 
chemical oxidant, such as potassium permanganate, through the soil to contact the target 
contaminant.  However, in heterogeneous or low permeability soils, the delivery can be difficult if 
not impossible by normal hydraulic means due to the development preferential pathways.   
Electrokinetics (EK), a potential solution to this problem, has been explored. EK can be used to 
move ionic oxidants, such as permanganate, through soil regardless of soil type, hydraulic 
conductivity or, to a certain extent, saturation level.  Negatively charged permanganate will move 
from the cathode region toward the anode in a uniform and predictable manner while the pore 
water and contaminant migrate toward the cathode.  The entire soil area can become saturated 
with permanganate ions.  Based on the known utility of potassium permanganate and 
electrokinetics, the integration of these two processes can become an extremely powerful 
remediation tool.   
 
Experiments have been performed to show that permanganate ions can be delivered through clay 
soil by electrokinetics to treat TCE contaminated soil.  In a laboratory size cell, a zone of potassium 
permanganate was emplaced near, but not in, the cathode zone.  The applied DC voltage gradient 
causes migration of the dissolved permanganate ions toward the anode, contacting the soil and 
contaminants as it travels.  Tests were operated at ambient and elevated temperatures to simulate 
actual field conditions caused by EK. 
 
The manganese reached the anode in all experiments after roughly three days, traveling a 
distance of 17 centimeters.  The runs with TCE contaminated soils showed destruction of at least 
99% and no daughter products were detected.  Based on the results of these experiments, it 
appears permanganate can be delivered through clay soils effectively using electrokinetics.   
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Sodium persulfate is an alternative oxidant for site remediation with chemical oxidation processes.  
At relatively high temperature (e.g., 40°C), persulfate (a radical-driven oxidant) is capable of 
degrading a wide variety of organic contaminants.  To facilitate the application of persulfate oxides 
for site remediation, laboratory-scale experiments were conducted.  The primary goal was to 
examine the extent and tendency of degradation of 60 volatile organic compounds (VOCs) listed in 
the EPA SW-846 Method 8260B with thermally activated persulfate oxidation. Experiments (in 
triplicate) were conducted using 43-mL volatile organic analysis vials under isothermal and zero 
headspace conditions.  Data on the degradation of VOCs (in mixture) with persulfate at three 
temperatures (i.e., 20°C, 30°C and 40°C) and in two oxidant doses (i.e., 1 g/L and 5 g/L) were 
obtained.  In addition, reaction parameters including the persulfate concentration, oxidation-
reduction potential and pH were monitored in the experiments.  The experimental results indicate 
that the thermally activated persulfate oxidation process is effective in degrading many VOC 
contaminants that are commonly detected in the subsurface.  Most of the study VOCs were rapidly 
degraded under the experimental conditions while some, however, showed high persistent to 
persulfate oxidation.  Compounds with “C=C” bonds or with benzene rings bonding with reactive 
functional groups were readily degraded.  Saturated hydrocarbons and halogenated alkanes were 
much stable and difficult to degrade.  For most of the degradable VOCs, degradation was well 
predicted with a first-order decay equation.  The degradation rates increased with increasing 
temperature and oxidant concentration; the oxidant dose determined the extent of degradation of 
VOCs. 
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Both MGP site owners and the regulatory community are rapidly developing interest in situ 
chemical oxidation (ISCO) as a potential, cost effective remediation technology for MGP impacted 
soils and ground water.  ISCO and ISCO in combination with in situ bioremediation are gaining 
recognition and an experience database for application to BTEX and PAH constituents. Several 
field trials and many bench scale studies have been performed for MGP sites. Xpert Design and 
Diagnostics, LLC (XDD) in association with the University of Massachusetts – Lowell and 
Washington State University has performed a number of these studies.  Daughter products of the 
MGP constituents treated through the ISCO process are considered to be benign dihydrodiols, 
organic alcohols and acids that are readily biodegraded. 
 
The primary oxidants evaluated for this presentation are Fenton’s reagent, persulfate, ozone and 
permanganate. The chemistry, advantages and disadvantages of each of the oxidants with respect 
to treatment of MGP impacted soils and ground water will be described.  Shortcomings of batch 
laboratory studies with respect to field applications are discussed. One very important oxidant 
property that dictates the potential success and / or need for multiple applications in the field is the 
oxidant stability or persistence. It is the stability / persistence of the oxidant that dictates its ability 
to transport in the subsurface and to sustain concentrations that are needed to treat the low 
solubility MGP constituents. Desorption and dissolution of the PAH constituents, even under the 
enhanced rates created in the present of an oxidant, are relatively slow processes and must be 
considered in the design and application of ISCO at MGP sites.  These physical - chemical 
characteristics also limit the cost effectiveness and practicality of the application of ISCO for 
DNAPL pools of significant thickness. 
 
This presentation will also provide an update on both field and bench scale studies that have been 
performed on MGP impacted soils and ground water. An evaluation of a site closure objective of 
mass flux  / risk reduction as an alternative to achieving soil or ground water numerical standards, 
and costs of implementation of ISCO will be discussed. 
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Optimization of Groundwater Pump and Treat Systems Using Numerical Modeling and the Monte 
Carlo Approach 
 
Manu Sharma, Andrew B. Bittner and Tarek Saba, Gradient Corporation, 238 Main Street, 
Cambridge, MA  02142, Tel: 617-395-5000, Fax: 617-395-5001 
 
Groundwater has been remediated at a number of sites across the country using the pump and 
treat approach.  Although these systems have proven to be ineffective in aquifers with lenses of 
low conductivity materials and when non-aqueous phase liquids are present, they can be an 
effective remedial technique in relatively permeable aquifers, if properly designed.  The use of 
numerical models and optimization techniques can facilitate the design of pump and treat remedial 
systems and can significantly increase contaminant removal efficiency and reduce costs and 
operation time. 
 
Optimization techniques were developed and employed to design a groundwater pump and treat 
remedial system at a Superfund Site underlain by a highly productive and permeable aquifer.  A 3-
Dimensional groundwater flow and solute transport model for tetrachlorethene was developed and 
calibrated to simulate Site conditions.  Once calibrated, optimization techniques were used to 
design the pump and treat system.  First, a preliminary system design was developed  consisting 
of 3 extraction wells and 3 injection wells operating at a total combined extraction rate of 450 gpm.  
Second, best-guess initial extraction and injection well locations were defined based on 
engineering judgment.  The numerical groundwater and solute transport model was iteratively 
executed using the Monte Carlo approach with commercially available software to evaluate 
numerous combinations of injection and extraction well locations and to develop an extraction and 
injection rate schedule over time.  In all, over 1,500 simulations that required intense computational 
effort, but minimal modeling oversight time, were undertaken to arrive at the final design.  The 
optimal solution resulted in a remedial system that is projected to achieve the regulatory clean-up 
standards approximately 6 years faster (approximately 20% of total predicted remediation time) 
than the remedial system based on engineering judgment. 
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The first-generation data quality model that equated environmental data quality with analytical 
quality was a useful starting point for the site restoration community. However, in practice this 
model fails because it is blind to the complexities that are collectively termed “data 
representativeness.” To achieve policy goals of “sound science” in environmental projects, the 
environmental data quality model must be updated to explicitly consider those variables that impact 
our ability to generate data that are representative from both analytical and sampling standpoints. 
Because environmental matrices tend to be highly heterogeneous on a variety of spatial, temporal, 
and chemical scales, measured values may span orders of magnitude within a single site. The idea 
that “representativeness” reflects some “average property” is thus rendered meaningless, unless 
“representativeness” is grounded in the project decision-making process. A variety of decisions are 
typically made over the course of site investigation and cleanup, and each may require data sets 
with different representativeness. For example, a data set representative of risk assessment 
decisions (a statistically random data set representative of an average contaminant concentration 
over some specified exposure unit) will not be representative of cost-effective remedial design 
(requiring non-random data representative of contaminant locations, mass, and concentration 
extremes). Data representativeness is therefore meaningful only if sufficient up-front planning has 
defined the scale of intended decision-making, which is then used to guide data collection 
activities. Using non-representative data to make decisions leads to poor remedial designs and 
erroneous conclusions about exposure. Both waste vital public and private resources. Historically, 
cost considerations made it extremely difficult to manage sampling representativeness in routine 
projects. But this situation is rapidly changing with the development of new technologies and 
strategies for managing site cleanup. The U.S. EPA articulated the Triad approach as a practical 
framework that synthesizes progress in technology and science with the goal of evolving site 
cleanup practices into second-generation strategies. The Triad approach stresses the importance 
of systematically identifying and managing project decision uncertainties, including sampling 
representativeness for data sets. It highlights the contributions of emerging technologies (such as 
field analysis and decision-support software) and multidisciplinary expertise to the production of 
accurate conceptual site models that evaluate heterogeneities and other variables critical to 
successful site restoration. With the Triad as a performance-based technical foundation, project 
cost savings have been observed to range up to 50% as compared to traditional process-driven 
strategies achieving the same decision confidence. 
 
KEYWORDS: representativeness, heterogeneity, uncertainty, sampling, data quality, sound 
science, site cleanup, Triad approach, field analysis 
 
A Simple Phase Equilibrium Model for Predicting the Historical Presence of NAPL: a Case Study   
 
John D. Moss and Daniel D. Titus, HRP Associates, Inc., 167 New Britain Avenue, Plainville, CT 
06062 Tel: 860-793-6899, Fax: 860-793-6871 
   
Using a phase equilibrium partitioning equation, as presented in the CT DEP Remediation 
Standard Regulations, a theoretical window of potential contaminant concentration ranges in soil 
(i.e. Cnap), as a historical indication of free phase product (i.e. NAPL) was developed.  Variability 
in soils and commercial chemical products (e.g. different brands) allow for broad ranges in the 
relative contaminant adsorption capacity of soils.  As such, a sensitivity analysis was performed on 
the equation’s variables.  The analysis indicated that Cnap is most sensitive to the soil organic 
carbon-water partition coefficient (Koc), which is a contaminant variable, and the organic carbon 
fraction (foc), which is a soil variable.  Therefore, by incorporating possible ranges of Koc and foc, 
a series of curves for predicting the presence or absence of NAPL were developed.   The 
calculated theoretical boundary curves of the model, based on maximum and minimum Koc 
values, indicate a Koc curve above which NAPL was present, an area between the maximum and 
minimum Koc curves where NAPL may have been present, and a minimum Koc curve below which 
NAPL was absent. 
 
Using the model presented above, site specific data have been evaluated relative to a 1981 tanker 
truck release of a 40/60% tetrachloroethylene and high molecular weight cutting oil solution to an 
area above an industrial septic field, which had been historically impacted by dissolved phase 
tetrachloroethylene.   Remedial response actions within 10 hours of the spill included excavation of 
visibly impacted soils.  Following the remedial response, multiple investigations were conducted to 
determine if residual tetrachloroethylene contamination in excess of 10 mg/kg in the leach field/spill 
area is due to episodic dissolved phase releases from the septic system or residual NAPL 
associated with the 1981 release.  The model presented was used to apportion NAPL-related 
versus dissolved phase contamination. 
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Approximately 250,000 shredded tires have been used to construct a highway exit ramp as part of 
a demonstration project.  One up gradient well was installed before the tire shreds were put in 
place.  Two down gradient wells, and two tire fill sampling wells (that collect water infiltrating 
through the tire shreds) were installed during the project.  Levels of organic compounds and metals 
have been monitored since the project was completed in May of 2001.  Organic compounds were 
not detected in the leachate or down gradient ground water.  Arsenic, barium (Ba), cadmium, 
chromium, copper, iron (Fe), lead, manganese (Mn), mercury, selenium, silver and zinc (Zn)were 
quantified in both filtered and unfiltered samples.  Of most concern are the elevated levels of Ba, 
Fe, Mn and Zn in filtered samples when compared with water quality standards.  Zn and Ba are 
elevated in one of the tire fill wells whereas Fe and Mn have been consistently elevated in the 
down gradient wells.  The elevated Zn and Ba may be related to the use of shredded tires.  The 
elevated Fe and Mn may be associated with traffic on the adjacent interstate and ramp.  Other 
factors that may contribute to our understanding of these results include the use of salt as a deicer 
on the adjacent highway and ramp and the intrinsic hydrogeology of the site. Because of the 
association between increased manganese and some neurodegenerative diseases, such as 
Parkinson’s Disease and attention deficit disorder, it is important to evaluate the combined long 
term effects of tire shreds and runoff from roadways on groundwater quality before tire shreds are 
used more widely in highway construction.  
 
Passive Diffusion Bag Sampler Results From Multiple DoD Installations 
 
John P. Tunks, Parsons, 1700 Broadway, Ste. 900, Denver, CO. 80290, Tel: 303-764-8740, 
Fax: 303-831-8208 
John Hicks, Parsons, 1700 Broadway, Ste. 900, Denver, CO. 80290, Tel: 303-764-1941, Fax: 303-
831-8208  
Javier Santillan, AFCEE/ERB, 3207 Sidney Brooks, Brooks City-Base, TX  78235-5344, Tel: 210-
536-5207, Fax: 210-536-5989 
Raphael Vazquez, AFCEE/ERT, 3207 Sidney Brooks, Brooks City-Base, TX  78235-5344, Tel: 
210-536-1431, Fax: 210-536-4330 
 
Groundwater sample collection using passive diffusion bag samplers (PDBSs) represents a 
relatively new technology that employs passive sampling methods for monitoring volatile organic 
compounds (VOCs) in groundwater.  The potential benefits and cost savings associated with using 
PDBS for long-term monitoring are significant, as no purge waters are generated, and labor 
requirements for sampler installation and retrieval are minimal.  Results of a field-scale PDBS 
demonstration performed at 14 Department of Defense installations between May 2001 and May 
2002 will be presented.  The primary objective of the PDBS demonstration is to assess the 
effectiveness of the PDBS method by comparing groundwater analytical results for VOCs obtained 
using the current (conventional) sampling method with results obtained using the PDBS method.  
The comparison of the conventional and diffusion sampling results will allow assessment of the 
appropriateness of implementing diffusion sampling for VOCs at each sampled well.  Details will 
include a general description of the work performed, the common findings for all installations 
sampled, and an analysis of the effectiveness of the technology.  A list of operational parameters 
that promote the usability of PDBS, and a list of operational parameters that indicate when poor 
performance is likely to occur will be presented.  A cost and performance analysis also will be 
presented that includes implementation costs, cost comparison to conventional sampling, sampling 
cost avoidance generated by PDBS, and a return on investment assessment. 
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The EGDY contains mixed solvent and petroleum hydrocarbon dense non-aqueous phase liquids 
(DNAPLs) disposed in trenches as drummed waste or directly as liquid waste.  The DNAPLs are 
the source of a 13,000 feet long TCE plume that contaminates an upper, unconfined aquifer and a 
lower, confined aquifer to depths of 220 feet below ground surface (bgs).  From 1997 to 2002 the 
EGDY DNAPLs were characterized in two phases using a variety of tools (e.g., historical aerial 
photographs, EM-61 geophysical survey, soil gas sampling, exploration trenching, direct-push 
multi-level groundwater sampling, a membrane interface probe, and analysis of continuous 
rotosonic cores).  During the EGDY characterization, samples were analyzed in field laboratories 
or fixed labs with rapid turnaround times to expedite the on site decision making process.  The data 
collection tools used and the number and location of data collection points for each tool were 
decided by a team of scientists and engineers as the investigation progressed based upon a 
continuously updated conceptual site model.  The first phase of the characterization resulted in the 
location of past disposal areas and several hot spots where DNAPL may have been present in 
groundwater.  During the second phase of the EGDY characterization, DNAPL data were collected 
to support the design of thermal treatment of the suspected DNAPL areas identified during the first 
phase.  The final result of the EGDY characterization effort was the location of three large and 
several small volume solvent DNAPL sources within the EGDY.  DNAPL was encountered at all 
three large volume DNAPL areas to a maximum depth of forty-six feet bgs.  The areal extent of the 
three large DNAPL areas are 0.6, 1.2 and 0.4 acres with an estimated volume of 26,000, 52,000 
and 13,000 gallons of mixed solvent/hydrocarbon DNAPL, respectively.  Approximately 100,000 
yd3 of NAPL contaminated soils will be thermally remediated by soil heating beginning in 2003.  
This presentation will describe how the Triad approach was used to develop a conceptual site 
model for this DNAPL site, and reduce overall uncertainty in the characterization. 
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Technology Transfer for Bioremediation of Complex Environmental Systems 
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During the last decade, advances in our understanding of biodegradation principles, and lessons 
learned from bioremediation applications, have increased our knowledge base to help transition 
laboratory-based processes to the field.  Within the group of organic anthropogenic compounds, 
chlorinated aromatics, chlorinated volatile organic compounds, and petroleum hydrocarbons are 
among the most frequently encountered pollutants in soils, groundwater aquifers and sediments.   
Whereas the scientific knowledge base regarding process understanding is maturing, the 
transitioning of this information to effectively remediate contaminated sites at best has 
accumulated a spotty record. 
 
This treatise will illustrate the guiding principles of multi-disciplinary project management using 
well-documented success stories from groundwater and surface water sediment systems 
remediation.   Successful technology transition hinges on: (i) appropriate definition of technology 
transfer objectives and needs; (ii) formulation of success metrics; (iii) seeking out the required 
integration of team expertise; (iv) a priori agreement on team expectations and communication 
levels. Emphasis will be placed on the challenges posed by, and methodologies used during, the 
transfer of biodegradation principles to field application.  Whereas the fundamental processes of 
biodegradation have been well established, harnessing these processes for in situ application is 
fraught with substantial uncertainty.  These uncertainties are mainly due to site specificities 
associated with expression of the desired biodegradation activity, the difficulty with establishing 
causal relationships between biological activity and geochemical (organic and inorganic) changes, 
and the lack of data for a convincing cost-benefit analysis associated with bioremediation 
applications.  Successful technology transfer examples will be based on the development of 
bioreactive barriers for control of chlorinated solvents, and the design of remedial units for dioxin-
contaminated surface water sediments based on the interpretation of natural attenuation patterns. 
 
Despite well-documented success stories in the field, the required design parameters that would 
allow engineers to effectively use the proposed technologies are generally not available.  
Moreover, there is no general agreement on the metrics of success (chemical and biological 
analysis, soil quality indicators) of bioremediation technologies, leaving informed decision making 
by regulators a difficult task which can at best be accomplished on a site-specific basis.   Finally, 
there is an urgent need to incorporate uncertainty analysis to bridge site assessment and 
laboratory-based data with the purpose of developing a risk-based decision framework for 
technology implementation.   
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Foster Wheeler, under the U. S. Army Corps of Engineers New England Total Environmental 
Restoration Contract and in conjunction with the U. S. EPA, is conducting engineering design, 
remediation, and restoration activities at the New Bedford Harbor (NBH) Superfund Site.  
Sediments at NBH were contaminated with PCBs as the result of releases from industrial 
operations over many years.  A sediment characterization program was performed to support the 
development of dredging and excavation plans to bring NBH into compliance with the target PCB 
levels specified in the Site’s Record of Decision.  A confirmatory sampling (CS) program is being 
implemented to test and demonstrate that post-removal sediment quality meets the specified 
clean-up targets.  This program is unique in scale, complexity and duration relative to CS 
approaches that have been applied in smaller, simpler projects. 
 
This presentation describes the design, development and initial implementation of the NBH CS 
approach.  The CS objectives are identified, and CS is contrasted with sampling for other 
purposes.  A survey of recent similar environmental dredging projects in the U.S and abroad was 
used to establish best practices relative to CS in this context, and identify possible precedents 
relative to many CS program components.  A statistically based Data Quality Objective approach 
was used to define data sufficiency for compliance testing.  Aspects of sample collection, depth 
and spatial pattern of sampling, and the analytical methods and procedures to be applied were 
evaluated and specified.  The direct relationship between the CS components and the approaches 
used to remove and manage the contaminated sediments is highlighted.  Also discussed are a 
number of special conditions that must be accommodated by the CS program to ensure the 
success and credibility of the CS effort and the overall project.  A status on the application of the 
CS approach in the removal effort is presented. 
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Sediment quality guidelines (SQGs) are chemical concentrations in sediments that are assumed to 
be associated with no or acceptable levels of adverse effects in benthic organisms. They have 
been proposed and published for numerous chemicals using various methodologies over the past 
few decades, and their use has inspired considerable debate within the scientific community. One 
commonly applied methodology for developing SQGs is the compilation and combination of 
various databases containing sediment chemistry measurements and co-located effects in aquatic 
organisms (i.e., Effects Range-Low [ER-L] and Effects Range-Medium [ER-M] values used in the 
National Oceanographic and Atmospheric Administration Status and Trends Program). This 
methodology has been adapted recently to derive "consensus-based" SQGs (such as threshold 
and probable effect concentrations [TECs and PECs]) by compiling and combining previously 
derived SQGs. The derivation of such SQGs incorporates numerous unstated risk management 
decisions including the selection of which SQGs to use in the calculation of "consensus-based" 
SQGs, the choice of method used to determine central tendency, and the interpretation of toxicity 
test results (such as evaluating multiple species, multiple endpoints, and control versus reference 
locations).  Moreover, the application of SQGs to contaminated sediment remediation is also based 
on unclear risk management decisions. As a result, rather than providing the means for an 
objective evaluation of sediments, these SQGs and their application incorporate a great deal of 
subjectivity. The implications of using such SQGs in ecological risk assessments of aquatic 
systems are discussed. 
 
 
Modeling and Mapping of Sediment Contaminant Distribution: A Univariate Geostatistical 
Perspective 
 
Kandiah Ramanitharan, Department of Civil & Environmental Engineering, Tulane University, New 
Orleans, LA 70118, Tel: 504-865-7313, Fax: 504-862-8941 
Dr. Laura J. Steinberg, Department of Civil & Environmental Engineering, Tulane University, New 
Orleans, LA 70118, Tel: 504-862-3254, Fax: 504-862-8941 
 
Characterization and remediation of a contaminated sediment site depends on the sampling 
strategies and the consequent contamination modeling. This paper presents an exploratory study 
on the applications of geostatistical techniques in mapping sediment contaminant distributions in 
water bodies. How the physical shape of the water bodies, hotspots and multiple data 
measurements per data point influences the geostatistical modeling is analyzed using sediment 
contaminant concentration data sets from five water bodies (Seal Beach, Tampa Bay, Hudson 
river, Duwamish river and Lake Geneva). The datasets from the first two sites are randomly 
sampled, and the others are of near-grid sampling design. In the geostatistical models, whenever a 
concentration data set is of non-normal distribution, an appropriate data transformation (log-
normal, or Box-Cox, or Normal Score Transformation) is implemented. Micro-spatial correlation is 
modeled with Spherical, Gaussian, Exponential, and Nugget structures. Geostatistical models are 
developed to incorporate the noise due to the multiple measurements at data points. Mean 
Squared Error (MSE), Mean Error (ME) and prediction kriging standard errors of cross validation 
are used as the best model parameter-selecting criteria for the models. It is found that trend and 
anisotropy are much influenced by the shape of the water body. When the measurement noise is 
high or the sampling density is low, all geostatistical models perform more or less the same. 
Representing hotspots only with a few extreme metal concentrations has a negative impact in 
fitting a geostatistical model. Selection of data to fit a geostatistical model for the water bodies with 
physical barriers is discussed. The use of studying cokriging and the use of geostatistical models in 
the sampling design are identified as the future research areas. 
 
 
Compositional Changes in Nearfield and Farfield Massachusetts Coastal Sediments Attributed to 
the MWRA Wastewater Treatment Plant: A Comprehensive Comparison of Pre- and Post-
Discharge Periods 
 
Stephen Emsbo-Mattingly, M.S., Deirdre Dahlen, Carlton Hunt, Ph.D., Battelle Memorial Institute, 
397 Washington Street, Duxbury, MA 02332, Tel: 781-934-0571 
Ken Keay, Ph.D., Massachusetts Water Resources Authority, 100 First Avenue, Charleston Navy 
Yard, Boston, MA 02129, Tel: 617-242-6000 
 
The Massachusetts Water Resources Authority (MWRA) planned and built a large state-of-the-art 
wastewater treatment plant on Deer Island during the 1980’s and 1990’s to abate the discharge of 
untreated and partially treated sewage to Boston Harbor.  Effluent from the plant is discharged 
through a pipe running nine miles offshore to further improve the water quality in Boston Harbor 
and facilitate the dilution of effluent with minimal impact to the offshore environment.  MWRA 
commissioned a comprehensive testing program of Massachusetts coastal sediments to monitor 
potential impacts of effluent from the Deer Island Plant.  Monitoring stations were selected near 
Boston Harbor and the new outfall (nearfield) and throughout Massachusetts and Cap Cod Bays 
(farfield).  This presentation discusses the compositional changes in selected sediment parameters 
that occurred during the pre- and post-discharge periods (1992 to 2000 and 2001 to 2002, 
respectively). 
 
Baseline data collected in Massachusetts Bay from 1992 to 2000 showed multiple regions defined 
by physical and chemical composition.  Within the MWRA nearfield stations of Massachusetts Bay, 
there is a series of heterogeneous sediments in relatively close proximity to the primary historic 
source of contaminants (i.e., Boston Harbor).  Nearfield stations were generally equidistant from 
the harbor.  The major factors influencing the concentration of contaminants and sewage tracers 
are primarily related to grain size, which suggests different sediment depositional environments.  
The primary factor explaining the variance in the data is sand content, which correlated inversely 
with organic and inorganic analyte concentrations.  The secondary factors were associated with 
anthropogenic analytes (e.g., chlorinated pesticides and Cadmium), which were measured at 
higher levels in the early 1990s, and fine particles. 
 
In contrast, the sediments collected from the farfield stations are more spatially dispersed and 
compositionally distinct.  As in the nearfield data, sand content strongly influenced the variance in 
the farfield data.  In addition, the station proximity to Boston Harbor (the historic source of sewage 
contaminants) influenced the concentration of tracers of sewage, Clostridium perfringens and total 
linear alkyl benzenes (LAB), at farfield stations.  The distribution of fine particles and the analytes 
associated with them (total organic carbon and selected metals) also helped compositionally define 
some of the more remote sampling locations.  In short, the composition of sediments at sampling 
locations distant from Boston Harbor may reflect inputs to the sediment that are distinct from the 
historic sewage discharge from Boston Harbor.  Thus, the sediments in Masschusetts Bay are 
defined by two compositionally distinct areas. 
 
Results from correlation analysis between contaminants and bulk sediment properties (percent 
fines and TOC) also support a system with two disparate regions.  Correlations between 
contaminants and bulk sediment properties in the nearfield are relatively high, with r2 of 0.5 or 
greater for most parameters.  The correlations were generally weaker for farfield stations (organic 
contaminants in particular), further suggesting that the primary controlling variables in the farfield 
system are governed by both proximity to Boston Harbor and by regional depositional patterns. 
 
On average, contaminant concentrations remained relatively constant over the past decade and 
were well below MWRA (2001) monitoring thresholds.  In contrast, concentrations of the sewage 
tracers, Clostridium perfringens and total LAB, decreased in the late 1990s for stations in 
Massachusetts Bay located closer to the Harbor.  The observed decreases can be attributed to a 
variety of factors including various MWRA facility upgrades, which in turn have resulted in reduced 
discharges of effluent solids.  Results from 2001 and 2002, the first two years since activation of 
the new outfall, showed a general increase in Clostridium perfringens abundances across the 
entire nearfield, with largest increases observed at those stations located within 2-km of the 
western end of the new outfall.  These findings suggest that effluent discharge at the new outfall is 
having a modest effect on nearby sediments. 
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Desorption resistance of organic contaminants in soils and sediments is often observed, which 
results in a relatively rapid release and degradation of organic contaminants in soils and sediments 
initially followed by a period of slow change. The desorption resistance has been attributed to the 
sequestration of the contaminants in the soils or sediments organic matrices, which has been 
attributed to effects of different sorbing nature of various soil or sediment organic matrices, and 
conformational or other changes of the contaminants in the matrices. The objective of this work is 
to compare various models of desorption resistance in an attempt to develop a consistent model 
for partitioning of organic contaminants in soils or sediments. Diffusion of contaminants in various 
sorbent matrices is utilized to model the desorption resistance, considering different 
physical/chemical properties such as porosity and capacity of various soil or sediment organic 
matrices. This diffusion-based model is able to predict the observed desorption isotherms, 
desorption resistance and aging effects. It is a truly predictive model for availability of contaminants 
in assessing potential exposure and risks from contaminated sediments. Detailed model 
development and results as well as experimental data will be presented. 
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An innovative sediment remediation approach, vacuum dredging, was used at a former 
manufacturing facility where sediments in an inland wetland, pond and stream were contaminated 
with heavy metals (primarily copper, chromium, silver, and lead).  Based on an evaluation of 
remedial alternatives, vacuum dredging with off-site disposal was selected since it would: cause 
minimal wetland impacts, require minimal onsite sediment management, and offer a cost-effective 
permanent solution.  The site investigation and evaluation activities included the following 
innovative activities: an ecological survey, bioavailability testing of metals (to evaluate 
phytoremediation), development of site-specific cleanup goals based on toxicity tests, and bench 
scale testing of in-situ stabilization. 
 
Vacuum dredging was performed in the fall of 2002.  The permits required for the project contained 
numerous conditions which presented challenges prior to the initiation of vacuum dredging 
activities including: no fill was allowed in the resource areas, diesel motors were required to have 
after-engine exhaust controls, and there were strict filtering requirements for dewatering fluids.  In 
addition, numerous challenges arose during project execution: worker mobility was severely 
hampered by soft sediments, a combination of rainstorms and unexpected dissolved copper in the 
pond presented water management issues, the consistency of the sediments significantly slowed 
progress, cold weather freezing issues arose as the schedule slipped, a beaver established itself 
downstream backing the stream up into the work areas, and numerous QA/QC issues inherent with 
sediment sampling arose.  All of these challenges were successfully resolved during the course of 
the project. 
 
Upon completion, a total of approximately 491 tons of sediment were vacuum dredged.  Post-
excavation sediment sampling results indicate that remediation goals were met and  post-
remediation surface water sampling demonstrated dissolved metals were below ambient water 
quality standards.  Final wetlands restoration will be completed in the spring of 2003. A permanent 
solution for the site was achieved. 
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This is an overview of our 6 years of research on arsenic-affected drinking (tubewell) water in 
Bangladesh.  Our team produced the first national-scale maps of arsenic, chloride, phosphate, 
nitrate, sulfide, sulfate, total iron, ferrous iron, and dissolved oxygen in Bangladesh’s groundwater.  
The map of arsenic concentration suggests over 50,000,000 Bangladeshis are drinking water with 
unsafe levels of this carcinogen.  These maps, oxidation-reduction potentials, pH measurements, 
and bench-scale testing suggest the major sources of arsenic in Bangladesh’s groundwater may 
be the dissolution of non-pyrite minerals in a reducing environment, and the anion exchange of 
sorbed arsenate or sorbed arsenite.  Our important discovery that tubewells often contain an 
analytical interference to the 1,10-phenanthroline methods for measuring iron suggested that non-
arsenic toxins are widely distributed in Bangladesh’s drinking water.  Furthermore, the finding of 
severe melanosis, keratosis, skin cancer and other symptoms of chronic arsenic poisoning, 
especially among children, indicated that other metals are magnifying the toxic effects of arsenic.  
Unfortunately, our subsequent research confirmed that Bangladeshis are commonly exposed to 
non-arsenic toxins in their drinking water.  Tens of millions of Bangladeshis are drinking water with 
unsafe levels of manganese, lead, nickel, or chromium.  This research also suggests that 
groundwater with unsafe levels of arsenic, manganese, lead, nickel and chromium may extend 
beyond Bangladesh’s border into the 4 adjacent and densely populated states in India.  In addition 
to the health risks from individual toxins, possible multimetal synergistic and inhibitory effects are 
discussed.  Antimony was detected in 98% of the samples from this study and magnifies the toxic 
effects of arsenic.  In contrast, selenium and zinc were below our detection limits in large parts of 
Bangladesh and prevent the toxic effects of arsenic.  Finally, several options for supplying safe 
drinking water in Bangladesh are evaluated. 
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The dissolution behavior of tungsten metal and tungsten heavy alloys is not well understood.  This 
research focuses on the effects of firing tungsten-based ammunition on soil contaminated with 
legacy lead.  In this study, soil columns containing lead-contaminated soil from Fort Irwin range 5 
(pH 8.2, initial lead concentration 5000 mg/kg) were leached with DI water for a period ranging 
between 78 and 85 days.  One column was used as a control and three other columns were 
amended with 1 gram of either tungsten oxide (WO3, 20 μm particle size), ammunition grade 
tungsten powder (5 μm particle size), or a 90W:7Ni:3Fe mixture of metallic powder (5 μm particle 
size).  After 100 pore volumes were passed through the columns, no significant differences were 
found among the amounts of lead leached from the control columns and the tungsten-amended 
columns (values were systematically higher for the non-amended column, ranged from non 
detectable to 0.200 mg/L and were always smaller than the lowest calibration standard).  pH of the 
columns’ effluents ranged between 6.5 and 7.7 which significantly reduced lead leaching.  
However, in the conditions tested large amounts of tungsten leached from the columns containing 
tungsten amended soils (leachate concentration ranged between 1 and 15mg/L).  Tungsten 
leached appeared to be in the form of dissolved tungsten (particle size smaller than 0.2 μm) and 
colloidal tungsten particles (particle sizes between 0.2 μm and 20μm).  The dissolved 
concentration/total concentration ratio ranged from 0.68 for W metallic powder to 1 for WO3.  This 
study provides useful information for the management of firing range soils contaminated with a 
mixture of heavy metals.   
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Heavy metals are recognized as human health and environmental contaminants of concern.  Non-
industrial human exposures typically involve metals dissolved in water, sorbed in the soil, or 
contained in foods. Leaching of heavy metals to groundwater supplies is of particular concern.  
Heavy metals bioaccumulate in biota, and bioconcentrate in animals at higher trophic levels in the 
food chain.  Animal exposures typically include ingestion of water, plant material and contact with 
soil. Risk characterization is a formal part of the process for remediation of properties 
contaminated with hazardous materials. The risk posed by heavy metals in the environment is a 
function of toxicity, physical parameters, and the mobility of the metal in the soil.  To date, there is 
limited quantitative data regarding the sorption, leaching, and transport of metals in the vadose 
zone.  This paper presents the results of bench scale experiments to evaluate these phenomena.  
Sixteen study soil columns were prepared using soils common to New England.  Soils contained 
varying amounts of plastic and non-plastic fines, and included outwash sands, clay and till 
deposits.  Physical parameters of each column were determined, including - cation exchange 
capacity, particle size parameters and plasticity.  Each column was filled with one liter of solution 
containing known concentrations of cadmium, chromium, copper, nickel and zinc.  After a four-day 
contact period, columns were gravity drained for two days, and the volume of effluent solution and 
associated metals concentrations determined.  Columns were then leached by application of 20 
tap water rinses of approximately one pore volume each, and the concentration of each metal in 
the rinse lixiviant determined.  Data was used to investigate the capacity of soils to sorb metals, 
whether soil physical parameters are predictive of sorption, the ability of tap water to leach the 
metals, and the kinetics of the leaching process.   
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Groundwater sample collection using passive diffusion samplers (PDSs) represents a relatively 
new technology that employs passive sampling methods for monitoring selected dissolved 
constituents in groundwater.  To date, the most common application of diffusion sampling has been 
for long-term monitoring of volatile organic compounds.  Results of a field-scale PDS 
demonstration for inorganics at Grissom Air Reserve Base, Indiana will be presented.  The primary 
objective of this PDS demonstration is to assess the effectiveness of the PDS method by 
comparing groundwater analytical results for metals obtained using the current (conventional) 
sampling method with results obtained using the PDS method.  The comparison of the 
conventional and diffusion sampling results will allow assessment of the appropriateness of 
implementing diffusion sampling for metals at each sampled well.  Details will include a general 
description of the work performed, a summary of how PDS and conventional results compared, 
and a comparative cost analysis of the two sampling approaches. 
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Most natural water systems and process and waste streams are monitored using periodic grab 
sampling and analysis. Spot monitoring like this results in a low-resolution understanding of a 
stream’s chemistry. With a limited number of data points, one high spike may pull the average 
concentration up exceeding discharge limits. To better understand and monitor temporal variability 
of mercury in complex matrices Frontier Geosciences has developed an innovative continuous 
mercury monitoring system. The system utilizes online sample preparation involving chemical, 
thermal, and UV digestion. Detection is achieved by cold vapour atomic florescence spectrometry 
(CV-AFS).  The analyzer is run using either EPA method 1631 or 245.7 to achieve a detection 
range of sub-ppt to 100 ppb levels. The system is capable of measuring mercury concentration at 
5-minute intervals. This interval can be increased as needed by the operator. Modifications to the 
physical instrument, to the analyzer chemistry, and to the analytical method have been made, 
optimizing the system to run matrices ranging from drinking water to petroleum hydrocarbon, and 
organic rich process water from a natural gas plant. Due to the increased interest in arsenic, we 
have also built an on-line monitoring instrument for arsenic. This instrument incorporates a similar 
sample treatment system with a different chemistry suitable for As. Sub-ppb detection limits are 
achieved using Anodic Stripping Voltammetry with the patented NanoBand Electrodes in a novel 
flowcell. Continuous monitoring achieved using these systems increases data resolution enabling 
researchers and plant operators to better understand chemically complex and temporally variable 
systems. Geochemical trends that are not apparent under spot monitoring may come to light. 
Dischargers can better tailor treatment systems and insure proper operation in rapidly changing 
situations. The instrument can be built to collect samples from various parts of process for 
continuous mass balance determinations. The details of the method and results of a number of 
field studies will be presented.  
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During the 1950's - 1960's many lakes and ponds in Massachusetts were treated with arsenical 
herbicides to control the growth of nuisance vegetation.  As a result of arsenical treatment the 
sediments of some waterbodies appear to contain very high levels of arsenic.  For example, Lake 
Quannapowitt contains between 95 - 225 mg/kg of As in shallow sediments dated to early 1960’s.  
This is far above background level of 17 ppm of As (DEP, MA). Durant et al. (2003, in press) 
reported elevated As concentrations in the sediments of Spy Pond (Arlington, MA) which also has 
a record of arsenical pesticide applications.  They reported As concentrations up to 2600 ppm in 
the pond sediments dated 1962-1956 which have background concentrations between 10-40 ppm.  
Many of the ponds treated with arsenic are used for recreational activities; thus, the potential of 
arsenic mobility in the ponds could pose a health risk and warrants the study of its distribution in 
the sediments and water column.  
 
In this study we investigated the ability of arsenic to be leached from the sediments into the water 
column as well as inorganic and organic complexes that may affect arsenic adsorption and mobility 
in various waterbodies.  In the fall of 2002, water and sediment samples from seven 
Massachusetts lakes and ponds that have a record of arsenic application.  Three of the sampled 
ponds were stratified and four were unstratified. The stratified ponds display reducing conditions 
below 3 meters depth.  Typical pH measurements were between 6.25 and 9.11.  It was found that 
Mn, Fe, Al, S and organic matter affected the behavior and distribution of As in the sediment and 
water samples.  Due to the relatively low dissolved oxygen levels and high pH of the pond waters 
sampled, there is a high potential for arsenic remobilization from sediments, particularly in the 
stratified lakes studied.  
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Environmental contamination with heavy metals and radionuclides is raising major environmental 
problems worldwide. Innovative technologies should be targeted for permanent enclosure and 
fixation of nuclear and other extreme hazardous metallic wastes in subsurface soils. Biopolymers 
may be potential tools for such innovative technologies, since they provide ample opportunity for 
chemical reaction with metals, soil particles, and other biopolymers. However, one problem 
remains to be solved, namely their biodegradability in soils. Starting from the additional ability of 
biopolymers to create cross-linking products resulting in interpenetrating networks, the current 
paper investigates the capacity of such networks to encapsulate metal contaminants in soil and 
keep them stable bound as compared with non-cross-linked biopolymers. Two biopolymers were 
investigated: xanthan and chitosan, as non-cross-linked and cross-linked, separately and in 
combination (as a cross-linked product). The experiments were performed in a laboratory drainage 
flow system, consisting of a column packed with soil, through which biopolymers solutions were 
run first, followed by Pb solution and leaching agents (water and 5% HCl). The changes in soil 
characteristics (permeability, shear strength) as well as the percentage of Pb retained in the 
column with subsequent leaching were analyzed. The results showed that both xanthan and 
chitosan with or without cross-linking, used separately or in combination, changed soil 
characteristics (decreased the permeability, increased the shear strength) acting as plugging 
agents and retained up to more than 90% of Pb in the soil column. However, more than 50% of the 
Pb retained could be leached by water or HCl in all experiments, except for the one with the cross-
linked product of xanthan and chitosan. This product was able to retain most of the Pb from 
solution in a most stable form, and also displayed the strongest plugging effect. The cross-linked 
xanthan and chitosan product is therefore considered of interest for applications and will be further 
tested for its stability to biodegradation. 
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The analysis of airborne particulate is receiving a great deal of attention as the EPA is paying attention to 
increasingly small particulate.  Collection of this fine particulate is difficult and requires rather sophisticated 
sampling equipment.  Although the issues involved in the finer particulate are mostly related to health, the 
issues related to the coarser material is that of nuisance.  In both situations it is desirable to identify the 
source of the particulate.  However, the sampling requirements involved in the coarser nuisance dust can be 
relatively simple, leaving a greater portion of the budget for characterization and source identification.  A 
dustfall collection monitor (i.e., dust bucket) and a passive sampler of glue-covered acetate paper can be 
deployed to collect continuous and/or event depositions.  Gravimetric analysis of these samples can be used 
as a first analytical step which may indicate temporal trends, or can be combined with meteorological data to 
indicate the direction of potential sources.  A series of more complex analytical procedures can be applied to 
the particulate.  Optical analysis of the larger particulate at least may be sufficient to identify source(s).  Bulk 
methods of XRD and/or XRF can be used to identify mineral or elemental composition.  Scanning electron 
microscopy, either in manual or automated mode, can be used to more completely characterize the 
composition, size and shape of particulate further refining the ability to identify potential sources.  The 
method and case studies will illustrate the usefulness of this combined collection and graduated analytical 
approach in the identification of industrial and natural sources of nuisance dust. 
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The environmental industry is now being impacted by a paradigm shift in analytical measurement that has 
been traditionally called the “bench to in-line shift”, but in reality is a “bench to biosensor shift”.  The latter is 
tied to the recent biotechnology revolution and offers a promise for a host of “better, faster and cheaper” 
means of obtaining data in the field. 
 
Biosensors at their most fundamental level are small-scale binding reactions between a sensor molecule and 
the target analyte. The term biosensor is invoked here because the sensor molecule in our system is a DNA-
protein complex that can react with the target analyte.  These reaction chemistries are then coupled to 
special detection and signaling platforms.  Regenesis has completed proof-of-concept work that shows it is 
possible to detect inorganic species, such as arsenic, at very low levels with minimal interference and with an 
output measured in a few minutes.  This technology can be extended to other inorganic species, as well as 
organic molecules.  Ultimately these devices will be conveniently field portable and hand-held. 
 
A discussion of basic binding, specific detection, and signaling interactions will be discussed in contrast to 
current options.  Eventually, the goal is to multiplex the system to give a suite of results at one time in the 
field as an alternative to expensive and time-delayed results that require off-site laboratory services.  
Currently, the value of individual contaminant tests is great as witnessed by the recent need for arsenic 
monitoring under the lowered U.S. drinking water standard (10 μg/L). 
Direct Mercury Analysis of Soil, Sediments and Waste Waters using Method 7473 
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Mercury contaminated soil, sediments, and waste water require proper clean up procedures that vary 
significantly depending on mercury levels. On site analysis can help to reduce the cost of remediation by 
minimizing site remobilization and assisting in the separation of contaminated soil for treatment and disposal. 
The challenge is finding a procedure that uses not only field-portable equipment, but also provides quick, 
precise and accurate results. Compliant with US EPA Method 7473, the DMA-80 Direct Mercury Analyzer 
from Milestone Inc. uses thermal decomposition, gold amalgamation and atomic absorption spectroscopy to 
obtain an accurate result in 5 minutes. This procedure does not need any sample preparation, uses no 
chemicals, and does not generate any waste. The time savings, cost savings and comparative data versus 
traditional cold vapor EPA Method 7473 will be presented. 
 
 
The Massachusetts Contingency Plan (MCP) Data Quality Enhancement Program - 
Implementation Overview and Lessons Learned from a Laboratory Perspective 
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In the spring of 2000, the Massachusetts Department of Environmental Protection established the MCP Data 
Quality Enhancement Workgroup.  The purpose of the Workgroup was to address perceived shortcomings in 
the overall quality of data submitted to the Department in support of MCP decision-making.  Three years in 
the making, the Workgroup has established method performance requirements, QA/QC and reporting criteria 
for all of the commonly used EPA RCRA SW-846 analytical methodologies as well as establishing guidance 
for the inclusion of field quality control samples and performing routine data usability assessments.  The 
author has been a member of the Workgroup since its inception and provides insight into some of the more 
subtle aspects of the policy as well as an overview of the most commonly raised issues from a laboratory 
perspective.   
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The modern flame spectrometry with high resolving power diffraction monochromators has the great 
possibilities in environmental analysis of soils, sediments and water. The relative detection limits of the flame 
emission spectrometry (FES) are equal up to 10-5 mg/L for alkaline and rare alkaline elements, up to 10-4 
mg/L for the alkaline earth elements and up to 10-3 mg/L for the heavy metals and other elements in the 
liquid samples. For the solid samples the relative detection limits reach up to 10-6-10-3% consequently. FES 
shows the excellent results in biochemistry analysis. The application of the flame atomic absorption (FAAS) 
and fluorescence (FAFS) spectrometry gives the possibility to decrease the detection limits in case the 
determination of heavy and nonferrous metals up to 10-4-10-5 mg/L for liquid samples and up to 10-4-10-5% for 
solid samples. The attraction of the cold vapour method for mercury and the hydride method for arsenic 
group elements allows determining up to ng/L these component. 
The perspectives of the development of the flame spectrometry in 21st century are discussed. The way of the 
creation of the mobile and transportable apparatus for flame spectrometry analysis is now most interesting. 
This apparatus must be fit for the realization of the multielement analysis and have the intellectual 
capabilities.  
The examples of the flame spectrometry use for the analysis of the alkaline, alkaline earth, heavy, 
nonferrous and other metals in the soils, sediments, waters, plants of St. Petersburg region are examined.  
Project Play-Safe: A Survey of City of Boston Tot-lots Using a Field-Portable XRF 
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A tot-lot is a playground with equipment suitable for children between the ages of three and five. We are 
surveying surface soils for metals at 135 City of Boston tot-lots. These areas were chosen because they are 
a potentially high exposure setting for children, and concentrations of arsenic, lead and other heavy metals in 
tot-lot soil are currently unknown. This study is ideal for field-portable x-ray fluorescence (FP-XRF) methods 
that allow users to prospect for “hot-spots” and analyze a large number of samples. The Niton XL700 
provides detection limits appropriate to permit comparison with Massachusetts Department of Environmental 
Protection (MA-DEP) action levels for most of the heavy metals of interest. This survey will eventually 
analyze >1000 soil samples. 
 
In tot-lot soil samples analyzed to date, Pb concentrations have ranged from 17-676 μg/g. Arsenic levels 
have ranged from below detection limits to 275 μg/g. Six percent of the soil Pb concentrations exceed the 
MA-DEP surface soil action level of 300 μg/g, while 11% of As soil concentrations exceed the action level of 
30 μg/g. Likely sources for Pb in urban soils include the legacy of atmospherically derived leaded gasoline 
and the historic use of lead in household paints. We have observed that soils with elevated arsenic levels 
tend to be associated with older playground structures containing pressure-treated (chromated copper 
arsenate) wood. We are developing studies to determine the mobility of As, Cr and Cu from older playground 
structures into nearby soil.  
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The largest area of concern for human exposure to arsenic contaminated land is the oral/ingestion pathway 
followed by the dermal and respiratory exposure routes.  Whether the arsenic in these contaminated soils 
poses a human health risk depends on the potential of the arsenic to leave the soil and enter the 
bloodstream.  The recent UK Environment Agency guideline concentration for this element in domestic 
garden soil, 20 mg kg-1, is significantly exceeded in many parts of England, either naturally or as the result of 
metalliferous mining or other industrial processes.  Whether these soils pose a human health risk depends 
on the potential of the arsenic to leave the soil and enter the bloodstream.  In this study, an in-vitro 
Physiologically Based Extraction Test (PBET), which mimics the conditions inside the human stomach, has 
been used to measure the bioaccessibility of arsenic in soils from the area around Gunnsilake in Devon, 
Cardiff in Wales and Wellingborough in Northamptonshire.  These results, in combination with, the total 
element compositions of the soils, a novel sequential extraction methodology called Chemometric 
Identification of Substrates and Metal Distributions (CISMeD), and EXAFS spectroscopy have been used to 
identify the speciation of the arsenic and the physico-chemical hosts of arsenic in the soil.  At all of the 
sampling sites, statistical analysis of the total element composition of the soils and the data from the 
sequential extracts has shown that iron-dominated soil components (probably iron oxides and 
oxyhydroxides) were the most important hosts of both bioaccessible and non-bioaccessible arsenic.  There 
is also evidence that the addition of phosphates or organic matter to soils can desorb non-bioaccessible 
arsenic bound to iron oxides and convert it into bioaccessible forms.   
Bioaccessibility: Human Physiologically Based in vitro Digestion Models Simulating Fasting and Fed 
Conditions 
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It is known that the fasted or fed status can have a large impact on the oral bioavailability of compounds, as 
the presence of food markedly alters the conditions in the gastrointestinal tract. This food effect is often due 
to the dissolution (bioaccessibility) of compounds in the chyme and their transport across the intestinal 
epithelium. We present in vitro digestion models reflecting the conditions of the gastrointestinal tract for the 
fasted and fed state of man in order to study the bioaccessibility of compounds from soil. In order to mimic 
the intestinal absorption, we combined the digestive fluids with the Caco-2 transport model.  
Our digestion model involves simulating human digestion for the fasted cq fed state in subsequently mouth, 
stomach and small intestine. Infant formula feedings were used as food and physiologically based conditions 
i.e. composition of media, pH and residence time periods typical for each compartment were applied. The 
effects of fasted vs fed conditions were studied on the bioaccessibility of metals (lead, cadmium, arsenic 
(metalloid)) and a lipophilic compound (benzo[a]pyrene).  
The bioaccessibility of lead, cadmium, arsenic and benzo[a]pyrene from soil was on average 22%, 30%, 
44% and 6%, respectively, for fasting conditions. The fed state had no (arsenic and cadmium) or little (lead < 
factor 2) effect on the bioaccessibility of the metals. In contrast, the bioaccessibility of benzo[a]pyrene was 3 
to 8 fold increased under fed conditions. Combination of the digestive fluids with Caco-2 cells showed that 
the digestive fluids affected the transport characteristics of the Caco-2 monolayers without affecting cell 
integrity.  
Thus, the digestion models simulating fasted and fed conditions can be used to model events occurring 
during digestion and solubilisation of compounds in the gastrointestinal tract. Combination with the Caco-2 
monolayers may in some situations be helpful for more accurate predictions of absorption of compounds. 
Arsenic Bioavailability: Consequences for Ecological and Human Health Risk Assessment in Yellowknife, 
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Arsenic levels in Yellowknife, Northwest Territories, are elevated as a result of the natural geology of the 
area and as a consequence of historical gold-mining operations. Arsenic concentrations in background, 
residential and other areas not impacted by the mines are up to 150 ppm; approximately ten times the 
Canadian average. Soil on mine property can reach 8% arsenic by weight but typically contain 1000s of ppm 
arsenic. Public concern about the effects of arsenic contamination on both human and ecological health is a 
driving force behind the characterization of risk in Yellowknife. We have modeled bioavailability to obtain 
more realistic estimates of the relevant arsenic concentrations in soil. 
 
Over one hundred soil samples, representative of arsenic contaminated areas, were studied to determine 
their potential risk to Yellowknife residents. Samples were subjected to an in vitro gastric fluid extraction 
(GFE), to simulate potential human bioavailability. These tests revealed that soil type, not total arsenic 
concentration, strongly influences potential arsenic exposures. Only 5.0 + 3.6 % and 2.9 + 1.7 % of the 
arsenic in the rock and tailings samples was extracted using GFE, while 20 + 11 % and 31 + 28 % was 
extracted from the mine site organic and residential organic samples. Significantly more arsenic was 
extracted from the organic soils than from the rock and tailings samples with respect to both percent and 
total arsenic extracted using GFE (ANOVA, p<0.001). The predominant form of arsenic in the extracts was 
arsenate. 
 
To estimate ecological risk, a field-based study of a short terrestrial food chain, comprised of deer mice 
(Peromyscus maniculatus), plant and soil/tailings samples, was carried out on mine contaminated soils. The 
measured body burdens and robust population was consistent with exposures that incorporated the 
bioavailability data. These results, together with a human health risk assessment, have been used to 
propose realistic remediation targets for the mine properties. 
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Numerous Department of Defense (DoD) sites throughout the United States and elsewhere are 
contaminated with toxic metals such as Cr (III/VI) and Cd and are awaiting site cleanup.  Site risk 
assessments are based on the total metal content of the soil and generally do not take into consideration the 
metal sequestering properties of the soil and the soils potential ability to reduce metal bioaccessibility upon 
ingestion.  Soil ingestion by children is the usual risk-driver that motivates these remediation efforts.  The 
objective of this study was to identify the key soil physical and chemical properties that govern the extent of 
toxic metal bioaccessibility for Cr(III), Cr(VI), and Cd contaminated soil and to develop a statistical model to 
simulate the bioaccessibility of metal  contaminated soil.  Bioaccessibility was determined by use of a 
physiologically based extraction test (PBET) that simulates the digestion process of the stomach.  Cr  
bioaccessibility varied widely as a function of soil type with most soils limiting bioaccessibility to < 30% for 
Cr(III) and < 50% for Cr(VI) after 100 d aging.  Statistical analysis of soil Cr(III) bioaccessibility was shown to 
be correlated to the clay content and the total inorganic carbon content of the soil while Cr(VI) 
bioaccessibility was controlled by the total organic content and the pH of the soil.  The bioaccessibility of 
Cr(VI)  was strongly linked to the reduction of Cr(VI) to Cr(III) by soil organic carbon.  Soils with > ~ 0.5% 
organic carbon, 90 – 100% of all Cr(VI) is reduced to Cr(III).  The bioaccessibilty of Cd was high in many 
soils and was not found to be significantly influenced by differences in soil properties.  The models for Cr(III) 
and Cr(VI) yielded equations based on commonly measured soil properties that could be used to predict the 
bioaccessibility of Cr contaminated soils with a reasonable level of confidence.   
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Abandoned metalliferous mines in Wales are significant sources of pollution.  Mine wastes contain high 
concentrations of lead ranging from 2-8% by weight often occurring as the lead carbonate mineral Cerrusite.  
Airborne pollution from spoil heaps is thought to represent a significant pathway and risk to human health 
through inhalation by residents close to mine workings.  The mucous lining of tracheobronchial system is the 
main line of defense by trapping particles.  Particles can undergo solution in the bronchial tree and solutes 
can then pass into the vasculature and be transported to other body tissues by the blood.  A respiratory 
uptake test, originally developed for the nuclear industry, has been adapted to study the dissolution of 
potentially harmful elements (PHE) from eight samples from sites in Wales.  Samples were dried at <40°C, 
disaggregated, homogenised and sieved to three particle size fractions (<10μm, 10-40μm and 40-100μm).  
Each particle size from each sample was subjected to a sequential extraction, using a simulated lung fluid, 
over 26 days at 37°C (ca. pH 7.3).  Over this period 12 extracts were taken for ICP-AES analysis.  The 
original samples and the residual samples after extraction were subjected to acid digestion and ICP-AES 
analysis to determine their total element concentrations.  Initial data interpretation shows that the PHE’s are 
released at different rates over the timescale of the experiment.  Further work will be presented to show how 
these dissolution profiles relate to the physico-chemical properties of the samples under investigation. 
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Prolonged use of northern Virginia forests produced contamination problems in an area that is now a new 
National Park.  Pyrite mining of shallow hydrothermal ore deposits for about 50 years, which ended about 50 
years ago, produced mine tailings that still produce acidic and metal-enriched groundwater to the local 
streams and wetlands. Military training facilities contributed vehicle fuels lubricants, and some metal 
contamination. Recently, relatively dense housing developments contribute road runoff. Measurements of 
stream waters and stream sediment throughout the park reveal that mitigation efforts have significantly 
reduced or eliminated most of the contamination, though the acid mine drainage still is present, in spite of 
extensive remediation efforts. 
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A gasoline-contaminated aquifer in Washington state has been under remediation since 1999 using soil-
vapor extraction and catalytic oxidation following a period of free product removal.  By late 2002 the highest 
benzene concentrations in the plume were 0.8-4 mg/L.  A field trial is currently underway to enhance natural 
attenuation of hydrocarbons at the site by amending the aquifer with sulfate which is introduced into the 
aquifer using an infiltration trench in 1000-gal batches at a concentration of 500 mg/L.   
 
Bio-Sep® consists of 3-4 mm diameter spherical beads engineered from a composite of 25% aramid polymer 
(Nomex) and 75% powdered activated carbon (PAC). The bulk density is about 0.16 g/cm3 with a porosity of 
74%.  Beads are surrounded by an ultrafiltration-like membrane with pores of 1-10 microns.  Bio-Sep® beads 
have been shown to be very effective in collecting biofilms which are believed to be more indicative of in situ 
microbial ecology than planktonic organisms from groundwater samples.  Bio-Sep® beads may also be 
“baited” with potential remediation amendments during fabrication or loaded onto PAC post fabrication 
 
Prior to initiation of the field trial five groundwater monitoring wells (one upgradient, three plume, and one 
fringe) were investigated to predict the effect of the sulfate amendment on subsurface microbial ecology by 
incubating two types of Bio-Sep® traps in each well.   In each well one trap contained non-baited Bio-Sep® 
beads.  The second trap contained both non-baited beads and beads in which Na2SO4 had been 
incorporated during fabrication.  The baited beads provided a source of slow-release sulfate in the trap to 
mimic the effect of sulfate amendment of the aquifer.  After 30 days of incubation the trap biofilms were 
analyzed using phospholipid fatty acid (PLFA) analysis and analysis of PCR-amplified 16S rDNA. 
 
Biofilms from the sulfate-baited traps and the non-baited traps were shown to have distinctly different 
community structures.  Sulfate-baited traps were more likely to contain lipid anaerobic biomarkers, 
biomarkers for sulfate-reducing bacteria, and specifically identified anaerobes like Geobacter sp.  The 
aquifer is currently being monitored using non-baited Bio-Sep® traps to determine whether the predicted 
shifts in the subsurface microbial ecology are observed as the sulfate amendment is introduced. 
 
 
Brownfields Poster Session 
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Neil Thurber, Metcalf & Eddy, 30 Harvard Mill Square, Wakefield, MA  01880, Tel: 781-224-6352 
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Barbara Weir, Ph.D.,  Metcalf & Eddy, 30 Harvard Mill Square, Wakefield, MA  01880 
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James Chow, Brownfields Team, U.S. EPA Region I, 1 Congress Street, Suite 1100 (HIO), Boston, MA  
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For Brownfield sites with perceived or known sources of contamination, an environmental site assessment 
identifies the nature of risk involved, giving communities and developers the confidence needed to move 
forward with redevelopment schemes.  One program, the EPA Targeted Brownfields Assessment (TBA) 
program, has been successful in delivering a “Head Start” style assessment for potentially reusable 
properties.  Many public or non-profit entities are unaware of State and Federal grant and loan programs 
such as the EPA’s TBA program.  Others may have heard of the programs but are not aware of the 
advantages to using them, such as the technical and regulatory assistance provided.  The EPA’s TBA 
program works simply: the grant is awarded in the form of the services using EPA-Response Action Contract 
(RAC) contractors.  The RAC contract gives access to EPA resources such as the expertise of the RAC 
contractors’ scientists and engineers and the EPA Contract Laboratory Program.  Participation of state 
regulators, local representatives, and interested developers is encouraged and enhances the success of the 
TBA.  Numerous TBAs conducted in Connecticut and Massachusetts demonstrate the value of this program.  
Communities can benefit from understanding this approach to site assessment and understanding how to 
achieve a greater value from their funding.  Aligned with the appropriate technical resources, communities 
may obtain more value from their assessment funding.  This presentation will offer the TBA program as a 
model for providing technical and regulatory assistance to communities, demonstrated by examples of 
success.   
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An Integrated Model for Environmental Data Management 
 
Andrew M. Adinolfi, P.E., GEI Consultants, Inc., 1021 Main Street, Winchester, MA 01890 
Tel: 781-721-4074, Fax: 781-721-4073 
Jamie D. Vallee, GEI Consultants, Inc., 1021 Main Street, Winchester, MA 01890, Tel: 781-721-4000 Fax: 
781-721-4073 
 
Management of chemical and geologic site data in a versatile electronic format is becoming a cost-effective 
option for most environmental assessment projects, due to recent market trends and advances in 
technology. Historically, cost-effective electronic data management was limited to GIS-based systems for 
large, data-intensive sites. Recent market trends that favor the use of electronic databases on projects of 
smaller scope include faster-paced brownfields-driven cleanup, a greater number of clients and regulatory 
agencies requiring deliverables in electronic format, and the consolidation of decades worth of data for older 
sites. Recent technology developments include improved software products, more powerful desktop 
computers, and the availability of lab-generated electronic data deliverables (EDDs).  We present an 
approach to database management developed as a response to these trends, geared toward the end use of 
project decision-making. Proprietary Microsoft Access®-based software is used for initial data compilation. 
Geologic observations, survey data, and other project specific information are stored in one database, and 
chemical data are stored in a separate database. A cross-linking database is created to run queries related 
to spatial and temporal distribution of contaminants. The results may then be exported to preferred software 
for presentation in tabular or graphical format, preparation of CADD drawings, further analysis such as 
modeling or risk calculations, and preparation of project deliverables such as boring logs. The approach 
presented here has been found to be most beneficial for projects entailing multiple properties, consultants, 
and/or phases of assessment. Three case studies are presented. Efforts of the entire project team, including 
management and staff trained in database software, were found to be integral to the success of this 
approach. Licensed software packages for data storage, analysis, and presentation are also required. 
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Development of Environmental Process Screening Model Software 
 
Raymond G. Ball, Ph.D.,P.E.,L.S.P., ECSMarin, 27 Midstate Drive, Suite 218, Auburn, MA 01501 
Tel: 508-832-6022, Email: rball@ecsmarin.com 
 
As fundamental understanding of environmental processes and associated design equations are developed 
by researchers, it is imperative that useable design software follow, so as to advance the basic efficiency 
and accuracy of the environmental design process. The software described here is one effort to attain this 
goal. This paper presents an overview of the first environmental process screening model software written 
fully in the Java language for use on the internet, company intranets, or on the desktop. A modular approach 
to development of the software is being taken so as to make the addition of future modules for other 
processes programmatically efficient. The first module, an environmental process screening model for the 
multi-component liquid-phase and vapor-phase granular activated carbon (GAC) adsorption processes, is 
presented. The software is fully self-contained and has a graphical user interface and database of chemical 
property information required for the specific process modeling module  
(eg. adsorption). 
 
Screen shots of the user interface used to design the GAC adsorption process, and a case study will be 
presented (if sufficient data is available at conference time). Plots of predicted dynamic GAC adsorption 
column results as compared to actual field results collected at a gasoline station in Massachusetts are 
presented. Particular attention is paid to the removal of MTBE in the presence of high concentrations of 
BTEX, dissolved oxygen, and high   total organic carbon. Different types of GAC, including specialty GAC 
products, may be evaluated for their adsorption potential regarding MTBE. 
 
Massachusetts Military Reservation (MMR) Environmental Web-Based Data Management System 
 
Ann Bernhardt, AMEC Earth & Environmental, 239 Littleton Rd. Suite 1B, Westford, MA 01886 
Tel: 978-692-9090 x306, Fax: 978-692-6633, Email: ann.bernhardt@amec.com 
Heather Sullivan, U.S. Army Corps of Engineers, 696 Virginia Road, Concord, MA 01742-2751 
Tel: 978-318-8543, Fax:  617-647-8663, Email: Heather.L.Sullivan@nae02.usace.army.mil 
Matt Walsh, Matthew.T.Walsh@nae02.usace.army.mil, U.S. Army Corps of Engineers, 696 Virginia Road, 
Concord, MA 01742-2751, Tel:  978-318-8647, Fax: 617-647-8663 
 
Massachusetts Military Reservation (MMR) Environmental Web-Based Data Management System.  Ann 
Bernhardt, AMEC Earth & Environmental.  AMEC Earth & Environmental developed a web-based data 
management system that provides Internet access to groundwater study data at the Massachusetts Military 
Reservation (MMR).  The site features real-time query, data download, and report building features. Other 
components of the project include integration of GIS software and environmental data generated by multiple 
contractors at MMR.  This project will support the groundwater study work AMEC continues to do at MMR 
under the National Guard Bureau contract. 
  
The Camp Edwards training area at the MMR is a 14,000-acre site with unexploded munitions and 
potentially other environmental issues as a result of over 60 years use as a military training facility. AMEC 
has been working at the site since 1997 in support of the Army National Guard.  
 
The major tasks assigned under this contract are: 
• Implementation of the Impact Area Groundwater Study Workplan 
• Remediation of the Small Arms Training Area 
• Rapid Response Actions 
• Management of the Innovative Technology Evaluation Program 
 
Under the data management project, a web interface provides access to data generated by multiple 
contractors that has been compiled into a central database.  As an example of the scope of this project, 
AMEC developed a database of over three million records of sampling data from over 15,000 soil, sediment, 
surface water, and groundwater at over 500 monitoring wells.  The site will be available for public viewing 
and will be accessible via the Groundwater Study Program at Camp Edwards site at 
http:/groundwaterprogram.org. 
 
 
Various Applications of Soil Contaminant Database Developed For Central Artery/Tunnel Project 
 
Ken S. Chin, P.E. – Bechtel/Parsons Brinckerhoff, 185 Kneeland Street, Boston, MA  02111 
Tel:  617 951-6486; Email:  KSCHIN@bigdig.com 
Richard G. Christian, P.E., LSP – Camp Dresser & McKee Inc., 50 Hampshire Street, Cambridge, MA  
02139 
Tel:  617 452-6268; Email:  christianrg@cdm.com 
Andrea E. Sewall, LSP – Camp Dresser & McKee Inc., 50 Hampshire Street, Cambridge, MA  02139 
Tel:  617 452-6261; Email:  sewallae@cdm.com 
 
The Massachusetts Highway Department and Massachusetts Turnpike Authority, under the auspices of the 
United States Department of Transportation, Federal Highway Administration, are nearing the completion of 
the construction of a 7.5 mile urban highway corrider which will replace Boston’s elevated Central Artery 
(Interstate 93) with a new eight to ten lane underground expressway, and a new four lane tunnel (Interstate 
90) beneath Boston Harbor connecting South Boston to Logan International Airport in East Boston. To 
support the Project in managing the excavation and disposal of over 15 million cubic yards of soil materials, 
one of the largest environmental assessment programs in the country was initiated in the early 1990s to 
determine the chemical characteristics of soil located within the planned alignment for the Project.  As part of 
this work, more than 2,300 soil borings were installed and over 8,000 soil samples were collected and 
analyzed for a comprehensive range of chemical contaminants, including volatile organic compounds, 
acid/base neutral compounds, total petroleum hydrocarbons, polychlorinated biphenyls and heavy metals.  
 
During the subsurface drilling investigations conducted for the Project, the soils encountered were 
characterized as fill materials and naturally occurring soils that exhibited properties largely influenced by 
numerous anthropogenic activities.  The chemical testing program showed that these activities, such as 
vehicular traffic and industrial/manufacturing activities, resulted in soils primarily contaminated with 
petroleum hydrocarbons and metal compounds.  In portions of the alignment, historic documentation 
indicates that rubble from the Great Fire of 1872 and dredge spoils from Boston Harbor were also sources of 
these fill materials. As part of this work, an extensive database of soil contaminant data was developed to 
determine the concentration or range of concentrations of specific chemical constituents present in urban 
soils found in downtown Boston.  These results were primarily used to delineate the limits of contaminated 
areas impacting the planned construction areas.  In later phases of the Project, the soil contaminant 
database has been used by the Project to support various soil management activities, as well as by the 
regulatory community to support the development of guidelines and criteria governing the management of 
contaminated soils in Massachusetts.  This paper focuses on the numerous applications of this database 
throughout the course of the Project, as well as potential future applications for both the regulatory and 
scientific communities.     
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Stability of Contaminants on an Aged Petroleum Refinery Land Treatment Unit Undergoing Ecological 
Restoration 
 
Heather F. Henry and Jodi R. Shann, Department of Biological Sciences, University of Cincinnati, 731 
Rieveschl Hall, Cincinnati, OH 45221-0006, Tel: 513-556-9765, Fax: 513-556-5299 
 
Theoretically, the processes of soil aging and ecological restoration should lead to increased stability of both 
soil contaminants and plant communities.  Over time, contaminants become fixed (sequestered) in soil.  This 
fixation lowers the bioavailability thereby reducing their impact on plants or other organisms.  In the absence 
of phytotoxicity, the vegetative community further enhances sequestration, prevents erosion, and contributes 
to the gradual mineralization of organic contaminants.  Concurrently, plant communities become more stable 
as cover, biomass, species diversity and richness increase.  This study investigated soil aging and plant 
succession on a 5 acre site used as a treatment facility for petroleum refinery waste.  The aims of this three 
year project were to:  1) measure plant biomass, cover, richness, and diversity; 2) characterize edaphic and 
micro-climatic variation around the site; and 3) assess soil contamination through time.  Across the site, 16 
plots (37 m²) were delineated - 12 for study of natural succession and 4 to act as a control by removal of 
vegetation.  Plant data was collected monthly over the growing season.  Two soil cores (100cm x 2.5cm) 
were removed annually from each plot, analyzed for TOC, C/N, pH and then were sequentially extracted for 
metals and PAHs.  Plant richness, cover, and diversity increased during the study period.  These increases 
were not uniform across the site, nor were they correlated with soil contamination data.  Sequential soil 
extraction suggested only a small percentage of total contaminants were bioavailable, and no significant 
changes (over three years) were detected in total soil loading.  On this aged site, the stability of 
contaminants appeared to allow succession to progress in response to microclimatic factors.  Broader 
implications of these results suggest that other abandoned waste sites may be candidates for ecological 
restoration by natural succession.  Under a low risk scenario, ecological restoration should be an allowable 
choice for site management.   
 
Effects of Contaminants on Cover of Crops and Weeds in Long-term Field Trial 
 
Prof. László Radics, Szent István University, Faculty of Horticultural Sciences, Department of Ecological and 
Sustainable Production Systems, Villányi út 29-43, H-1118 Budapest, Hungary, Tel: +36-1-372-6235, Fax: 
+36-1-372-6325 
Dr. Imre Kádár, Research Institute for Soil Science and Agricultural Chemistry, Herman Ottó út 15, H-1022 
Budapest, Hungary, Tel/fax: +36-1-355-8491 
 
The purpose of this work was to evaluate the toxicity effect of some microelement/contaminants on the soil 
fertility and crop growth. A long-term field trial was set up at the Nagyhörcsök Experimental Station of the 
Research Institute on loamy calcareous chernozem soil, developed on loess. The long-term field trial was set 
up in 1991. The site has in its plowlayer 20% clay, 3% humus, 3-5% CaCO3. To ensure a sufficient 
macronutrient supply in the whole experiment, 100-100 kg/ha N, P2O5 and K2O are given yearly. 13 
elements/chemicals were added on 4 levels each as soluble salts to plots once at initiation and mixed into 
the plow layer. The 52 treatments are arranged in a split-plot design with 2 replications. Element applied 
were Al as AlCl3, As as NaAsO2, Ba as BaCl2, Cd as CdSO4, Cr as K2CrO4, Cu as CuSO4, Hg as HgCl2, Mo 
as (NH4)Mo7O24, Ni as NiSO4, Pb as Pb(NO3)2, Se as Na2SeO3, Sr as SrSO4, and Zn as ZnSO4. Loading 
levels were 0, 90, 270 and 810 kg/ha. In the trial there were different cops in each year: maize, carrot, 
potato, pea, red beet, spinach, winter wheat, sunflower, sorrel, winter barley. Cover of weeds and crops were 
measured and on the basis of the cover, effects of 13 elements were set out. Greatest poisoning effect was 
measurable in the case of selenium. Damage effects of the other added elements were variable utterly to 
symptom-free status. 
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Sorption Kinetics of Phenanthrene and Naphthalene on Loess soils 
 
Hui Chen and Huiying Zhan, Department of Chemistry, Northwest Normal University, Lanzhou, 730070, PR 
China  
Kun Zhu, Department of Environmental Engineering, Lanzhou Railway University, Lanzhou, 730070, PR 
China 
Mei Jiang, Jianmei Yuan and Wenjun Zhou, Department of Chemistry, Northwest Normal University, 
Lanzhou, 730070, PR China  
 
Loess soils topographically cover the vast land expanding from central Asia to north China where oil fields 
are widely exploited, and resulted in the severe petroleum contamination to soils and water resources. To 
provide an appropriate description of the transport of organic pollutants in the environment, it is important to 
include a kinetics description of sorption in the transport process. In this paper, we studied the sorption 
kinetics of phenanthrene and naphthalene on natural loess soils and loess soils modified with a cation 
surfactant hexadecyltrimethylammonium (HDTMA) bromide. Results indicate that the sorption rate is faster 
on loess soils modified with a cation surfactant than on natural loess soils and the sorption data of both fitted 
the first order reaction 
 r = kC0 + n. In this formula r is a rate, C0 is a initial concentration, k is a rate constant and n is a parameter. 
The sorption rates on two kinds of soils depended on initial concentration of phenanthrene and naphthalene. 
Sorption equilibrium of phenanthrene and naphthalene has been achieved approximately within thirty 
minutes and within an hour and thirty minutes at 298K-318K, respectively. Film diffusion is controlling step 
for sorption rates in the sorption process of phenanthrene and naphthalene on natural loess soils and loess 
soils modified with cationic surfactant, which is related to molecule configuration of phenanthrene and 
naphthalene. The rate constant was shown to be negative correlation with the temperature(T). Through 
altering environmental temperature, the activation energy and preexponential factor can be calculated. The 
activation energy of phenanthrene and naphthalene were -6.196kJ·mol-1 and -15.70 kJ·mol-1 , respectively. 
The preexponential factor were 2.170 and 4.528, respectively. The research results could be used to predict 
the sorption kinetics of phenanthrene and naphthalene on loess soils and can help to understand the 
transport of petroleum contaminants in the environment. 
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Identifying Ash-Derived PAH in Soil and Sediment 
 
Stephen Emsbo-Mattingly, M.S., Allen Uhler, Ph.D., Scott Stout, Ph.D., Kevin McCarthy, Battelle Memorial 
Institute, 397 Washington Street, Duxbury, MA 02332, Tel: 781-934-0571 
 
The identification of PAH origins can include numerous site specific and regional background sources.  Ash 
constitutes a source of interest, because some States passed laws exempting remediation of ash-derived 
PAH.  This exemption typically exists for several possible reasons.  First, it removes environmental liability 
from residential property owners with coal or wood ash disposal areas on their property.  Second, it may 
reflect the lower mobility of tightly-bound, high molecular weight PAH.  This presentation describes several 
lines of evidence that help source PAH to ash. 
 
The primary evidence for ash derived PAH patterns is revealed in the detailed PAH fingerprint.  The PAH 
fingerprinting method includes measured concentrations of parent, alkylated, and heterocyclic PAH and very 
low detection limits.  At a minimum, this method outperforms traditional PAH measurement techniques used 
for regulatory compliance (e.g., EPA 8270) in terms of analyte specificity and sensitivity.  However, 
secondary evidence is often required.  Several protocols will be discussed for revealing the nature of the 
carbon material from which the ash was generated.  The carbonaceous feedstock may include coal, 
petroleum, wood, and municipal wastes. 
 
 
Identifying and Dating Creosote Releases in the Environment 
 
Stephen Emsbo-Mattingly, Scott Stout, Allen Uhler, and Kevin McCarthy, Battelle Memorial Institute, 397 
Washington Street, Duxbury, MA 02332, Tel: 781-934-0571 
 
Wood treatment plant owners and operators can face difficult issues when wood treating chemicals are 
detected in nearby soils, sediments and water.  Environmentally regulated compounds known as polycyclic 
aromatic hydrocarbons (PAH), pentachlorophenol, and copper naphthenate are useful for determining the 
origin of wood preservatives in the environment.  However, PAH are also released into the environment in 
the form of petroleum, fuels, automotive emissions, furnace smoke, smelting discharges, storm water runoff, 
forest fires, volcanic eruptions and other sources.  Sorting out the origin of PAH can pose vexing difficulties, 
especially in the absence of detailed purchasing and waste management records.  The differentiation of PAH 
from creosote assumes a greater degree of complexity when plant ownership changed over time and 
independent PAH generating industries resided near the wood treating plant. 
 
Distinguishing the origin of PAH from multiple sources in the environment can be difficult.  The chemical 
signatures of natural, point and non-point PAH sources can be very similar.  This becomes an important 
issue when remediation is required at moderate to low PAH concentrations.  The effects of environmental 
weathering and matrix interferences in environmental media often confound the signature of various 
proximate sources.  Consequently, multiple lines of evidence and the creative use of alternative 
measurement techniques are required to isolate and distinguish among potential PAH sources.  Utilizing an 
environmental forensic approach is useful for clearly defining the extent a release and the allocation of 
cleanup costs. 
 
Several emerging environmental forensic methodologies have been reviewed and tested for identifying the 
sources of PAH materials in the environment generated by the manufacture of treated wood, gas, coke, and 
tar products in the presence of urban background and atmospheric fallout.  The analytical methods to be 
demonstrated include measurement of copper naphthenate, pentachlorophenol, alkylated PAHs and 
biomarkers by GC/MS, applications of organic petrology, and selective use of compound-specific isotope 
ratio mass spectrometry (GC/IRMS).  The interpretive techniques that will be discussed include chemical 
fingerprinting, diagnostic ratios, and organic petrography. 
 
Experience in Dust Emissions Modeling of a Contaminated Soil Recycling Facility 
 
Albert P. Free, P.E., CSP, LEP; M.Eng., Civil and Environmental Engineering, Vice President, Soil and Land 
Use Technology, Inc., 11609 Edmonston Road, Beltsville, MD 20705, Tel: 301-595-3783 
Email: alfree@salutinc.com 
William Roberts, Chief Technology Officer, Soil Safe Incorporated, 125 Stafford Drive, Suite 130, Wayne, PA 
19087, Tel: 610-688-5636, Email: warolite@aol.com 
James L.W. Grant, MBA, Director of On-site Remediation Programs, Soil Safe Incorporated 
2700 Lighthouse Point East, Suite 402, Baltimore, MD 21224, Tel: 410-327-5753 
Email: jgrant@soilsafe.com 
 
Soil Safe Incorporated operates a soil recycling facility on top of the City of Salem, New Jersey’s closed 
municipal solid waste landfill. The facility accepts non-hazardous petroleum contaminated soils, processes 
the soil to stabilize the contamination, and generates materials that are being used to cap the closed landfill.  
 
At the direction of the New Jersey Department of Environmental Protection, the authors performed air 
modeling to evaluate fugitive dust emissions from the site. The Environmental Protection Agency’s Industrial 
Source Complex (ISC3) air dispersion model was used to model the site. Emissions factors for the various 
potential emissions sources were calculated using the AP-42 criteria developed by the EPA’s Emission 
Factor and Inventory Group (EFIG). The site was modeled for a five-year period using available 
meteorological data. 
 
Thirty-one separate potential emissions sources were input into the model. Fugitive dust concentrations were 
calculated for approximately 1,000 discrete receptor locations consisting of the property boundaries and a 
nine square kilometer grid. Hourly, daily and annual dust concentrations were analyzed at each receptor 
location. 
 
The results of this modeling demonstrated that facility air quality was well within the limits established by the 
National Ambient Air Quality Standards (NAAQS) and were used to perform a health risk analysis for 
particulate, organic and inorganic contaminants in the soil. Contaminants of concern included dust (PM-10), 
polynuclear aromatic hydrocarbons, arsenic, beryllium, cadmium, nickel, lead, and zinc. The incremental 
health risk associated with the operations was calculated for these contaminants of concern. The results 
were then used to develop facility operating limits for processing contaminated soil containing the 
contaminants of concern. 
 
 
Speciation as an Important Tool for Environmental Scientists 
 
Hakan Gürleyük, Research Scientist, Frontier Geosciences, 414 Pontius Ave. N, Seattle, WA 98109 
Tel: 206-622-6960, Fax: 206-22 6870,  Email: HakanG@FrontierGeosciences.com 
 
Speciation analysis is defined as the separation and quantification of different oxidation states or chemical 
forms of a particular element. Interest and research in speciation analysis has increased exponentially with 
the realization that different forms of an element can have totally different properties which could result in 
differences in toxicity and mobility in the environment (e.g. Cr(III) vs. Cr(VI)). Therefore, speciation analysis is 
essential for predicting and modeling fate, risk, and effects while it’s a must have for designing custom - 
tailored treatment strategies. In our experience, speciation data is accepted by some regulators but there are 
no set laws or regulations on this matter. We believe that the lack of species-specific regulations is due to 
the absence of methods that can reliably measure the analytes of interest at the regulatory levels. While 
there are no available speciation methods for elements such as Mo, Mn, B, Se; for As and Cr, the methods 
available are either not selective enough or do not provide sufficiently low detection limits. In addition, most 
sophisticated analytical methods for the determination of an element’s speciation are “useless” if it cannot be 
assured that the species distribution in the sample remains unchanged between collection and analysis. 
Therefore, right preservation techniques should be used for the right matrix to ensure that the speciation 
information in the sample remains intact during shipping and storage until the analysis is performed. We 
have developed various methods for the speciation analysis of various elements (As, Se, Cr, Mo, Mn, B, I, 
and cyanides). These methods combine chromatographic separations with the detection power of ICP-MS to 
achieve detection limits between 1 and 10 ng/L (ppt) for most species. We will present various cases where 
these methods were used to make educated decisions for various environmental problems.   
Characterization of Soot Carbon and PAH Bioavailability in Aquatic Sediments At MGP Sites   
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Field data indicate that anthropogenic sources of combustion-derived black carbon (soot-like particles) in 
aquatic sediments may significantly affect the speciation and bioavailability of PAHs.  We hypothesized that 
at former gas manufacturing plants (MGPs), soot, coke and coal particulates may dominate the speciation of 
PAHs in aquatic sediments lowering the bioavailability of PAHs to aquatic life.  To test this hypothesis, the 
bioavailability of PAHs was measured by exposing the aquatic oligochaete, Lumbriculus variegatus, in 
laboratory bioassays to five freshwater sediments collected from an MGP site. The concentration of PAHs in 
worm tissue was compared to predictions using default equilibrium partitioning theory.  The measured 
concentration of total PAHs in worms was 80% lower in some samples than predicted.  The biota sediment 
accumulation factor (BSAF) for individual PAHs ranged from <0.001 to 2.6.  The characteristics of the 
organic carbon in each sample were determined using several different thermal combustion techniques.  The 
amount of black carbon (BC) ranged from 0.4% to 1.4% of the sediment on a dry weight basis, and 17% to 
84% of the total organic carbon present in the sample.  The rapidly released PAH fraction determined by 
mild supercritical fluid extraction (SFE) ranged from 0.02 to 0.92 for individual PAHs.  Modified predictions of 
worm PAH uptake were made using equilibrium partitioning theory with and without adjustments for the 
rapidly available PAH fraction.  Graphical analysis of the error in predicting PAH uptake shows that the 
relationship between the SFE rapidly available fraction and the measured bioavailable fraction is a nonlinear 
function of a PAH property such as Kow or aqueous solubility.  A survey of PAH bioavailability and the carbon 
characteristics of sediments at multiple MGP sites is on-going and the data available from that effort will also 
be presented and discussed. 
 
Comparative Evaluation of Background Hydrocarbons in Sediments from Multiple Urban Waterways 
 
Scott A. Stout, Ph.D., Allen D. Uhler, Ph.D., and Stephen Emsbo-Mattingly, M.S., Battelle Memorial Institute, 
397 Washington St., Duxbury, MA, Tel: 781-934-0571, Fax: 781-934-2124 
 
Environmental forensic and remedial investigations of hydrocarbon-contaminant urban sediments must 
recognize and define the ambient or ‘background’ conditions.  In most settings the ambient conditions arise 
from non-point source contamination associated with atmospheric fallout and urban runoff, collectively 
referred to as urban background.  In environmental forensic investigations involving hydrocarbons, e.g., 
polycyclic aromatic hydrocarbons (PAH), it is important to recognize the potential contribution from urban 
background as it may admix with other PAH point sources within a given waterway.  In remedial 
investigations of contaminated sediments, defining the relative influence of urban background is essential to 
distinguishing its contribution from that due to point sources requiring remediation.   In this study, the 
characteristics of hydrocarbons, including alkylated PAH distributions and concentrations, within sediments 
from numerous, well-studied urban waterways on both Coasts were evaluated and compared.   The 
collective features of sediments impacted by urban background are summarized.   Comparable data from 
some common components found within urban background (e.g., soot, used lubricating oils, etc.) are 
presented. 
Molecular Characterization of Biogenic Hydrocarbons in Terrestrial Soils 
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Upon solvent extraction by typical methods (e.g., EPA Method Series 3500) the naturally-occurring organic 
matter, or biogenics, in some soils yields hydrocarbons and non-hydrocarbons (i.e., polars) within the same 
diesel- and residual-boiling ranges of anthropogenic hydrocarbon contaminants (e.g., DRO and RRO due to 
petroleum).   Thus, it is now common to perform some cleanup (fractionation) of whole soil extracts (e.g., 
EPA Method Series 3600) in an effort to minimize this by removing the polar components of soil biogenics.  
However, some biogenics are not removed by alumina or silica gel cleanup and thereby, their mass can still 
be confused with or attributed to anthropogenic contaminants (e.g., TPH or EPH).  Avoiding such confusion 
is critical in remedial investigations or phytoremediation projects in terrestrial soils. 
 
In this paper, the molecular character of alumina-cleaned, solvent extracts from (1) live deciduous leaves, (2) 
live herbaceous leaves, (3) dead mixed-leaf litter, and (4) soils containing these plant materials from a variety 
of terrestrial habitats are investigated.   The alumina-cleaned extracts (combined aliphatic and aromatic 
hydrocarbon fractions) for 1000’s of samples were analyzed by gas chromatography-flame ionization 
detection (GC/FID) and the extractable TPH (i.e., EPHtotal) concentrations determined according to EPA 
Method 8105.   The statistics for large (>1000) populations of extractable TPH data from each group of 
materials analyzed are reported.    The chromatographic “fingerprints” of commonly contain the expected 
odd-carbon dominated n-alkanes in the C25 to C33 range that are attributed to terrestrial plant leaf waxes.   
However, many other biogenics hydrocarbons were also recognized.   Selected alumina-cleaned extracts 
containing these were analyzed by gas chromatography-mass spectrometry (GC/MS) operated in the full 
scan mode for molecular characterization of the biogenics hydrocarbons.   Mass spectral analysis revealed a 
variety of iso- and anteiso-alkanes, unsaturated aliphatic hydrocarbons and aromatic hydrocarbons with 
sesqui- and triterpene skeletons. 
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Camp Edwards located within the Massachusetts Military Reservation (MMR) is one of only a few ranges in 
the world that has been exhaustively studied.  Camp Edwards has been used for military training since 1911.  
Activities include small arms, machine gun, artillery, mortar, ground to ground rocket, air to ground rocket, 
open burning/open (OB/OD), detonation of explosive ordinance and pyrotechnics training.  The Camp 
Edwards experience provides a depth of analysis allowing one to make recommendations on what 
compounds should be contaminants of concern at military ranges throughout the U. S. and elsewhere.  To 
date, over 7,800 surface soil samples, 1,500 deep soil, 3,900 monitoring well, 1,400 groundwater profile, 60 
surface water and sediment, and 5 storm water runoff samples have been collected.  Data on over 200 
analytes is being collected including explosives, volatile organic compounds (VOCs), semi-volatile organic 
compounds (SVOCs), metals, pesticides/herbicides, polychlorinated biphenyls (PCBs), dioxins, perchlorate, 
and polychlorinated napthalenes (PCNs).  The typical analyte list for several analyte suites, including 
explosives, was expanded to include likely target compounds. In addition, an exhaustive review of tentatively 
identified compounds (TICs) was conducted. Based on the studies at Camp Edwards the likely contaminants 
are based on the particular site activity for that range.  This poster will identify and discuss which 
contaminants are of concern for military ranges. 
Investigation of Bombing Impact on Quantity of Soil Organic Matter in Lithuanias Firing Grounds  
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Soil is important component of biosphere. One of the main functions in soil is carried out by Soil Organic 
Matter (SOM). Physical, chemical and biological features of soil depends on the SOM, and causes the ability 
for plant growth. Each of the given features can differ according to the conditions like climate, land using, etc. 
Structure and features of soil can be caused by different factors both natural and not natural. The main 
natural factors, influencing the quantity of SOM in soils, are climate conditions (temperature, rain, etc.), 
aeration, pH level, microorganisms population etc. The quantity of SOM can decrease because of both 
agricultural military activities. Intensive land using for crops, or military activities (bombing in particular) 
causes the decrease of SOM in soils. Entire areas are disturbed when proceeding bombing trainings, and it 
leads even to the fertile lands turning into desert. A lot of lands with destroyed plant cover are in the 
Lithuanian firing grounds. A wide scale of activities are taking place in these lands, and bombing trainings 
too. Usually bombing trainings takes place in the same areas, so called tactical fields. Because of regular 
disturbation, the plant cover in such fields is poor, sometimes is missing, waste grounds are predominating. 
The results of completed research had shown that the decrease of SOM varied from 30 to 80% in the 
epicentres of explosions. The influence of thermal and physical impact of explosion wave was significant in 
about 3 and more metres from the explosion epicentres. The main topics of the copleted research was to 
find out the dependencies between quantity of SOM and the distance from explosion epicentre, also the 
power of explosion and etc. The results leaded to the conclusions concerning negative military impacts. 
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Accumulation of organic pollutants in the environment has potentially become a serious hazard in most parts 
of the world. Among all types of xenobiotics, pesticides such as herbicides play a significant role in soil and 
water pollution due to their widely usage all over the world. The ways by which environmental and soil 
factors affect the fate of pesticides in soil is of considerable importance. Because such studies will be useful 
to predict the environmental dangers of pesticides contamination, control the quality of the environment, and 
find the simple, low-cost probable techniques to remediate the contaminated sites. This study addresses the 
ability of organic amendments to enhance atrazine and metamitron degradation in two herbicide 
contaminated soils with contrasting textures in laboratory conditions. Soil samples were collected from 
surface soils with textures of sandy loam and silty clay, from northeastern part of Iran. Initial concentration of 
herbicides was 50 mg.kg-1 soil. Contaminated soil samples were treated by manure, compost and 
vermicompost at rates of 0, 0.5, and 2 % (w/w). Remaining concentrations of atrazine and metamitron were 
determined by HPLC at the end of incubation periods of 20, 40, and 60 days. The experiment was performed 
as a 2×2×3 factorial completely randomized design for the two herbicides, replicated 3 times. Remaining 
concentrations of atrazine were 46.5, 38.9, and 36.2 mg.kg-1 after 20, 40, and 60 days incubation, 
respectively. Residual metamitron concentrations were clearly lower than atrazine. After 20, 40, and 60 days, 
remained concentrations of metamitron were 2.9, 1.0, and 0.6 mg.kg-1, respectively. Organic amendments at 
the rates of 0.5 and 2 % showed the similar effects on the enhancement of herbicides degradation in soils. 
However, no significant effect was observed between types of organic amendments. Degradation was 
clearly affected by soil textures. Remaining concentrations were higher in sandy loam than in silty clay soil. 
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By screening the desert plant species mesquite (Prosopis spp.) for its ability to uptake heavy metals, we 
found that this species is capable of accumulating high levels of lead in the roots and translocating the lead 
to the stems and leaves. One-week old mesquite seedlings were treated for seven days in a hydroponic 
culture that contained a modified Hogaland’s solution.  Six treatments were used; three treatments contained 
only Pb(II) as (Pb(NO3)2) at the 25, 50, 75 mg L-1 level and three treatments contained the same levels of 
Pb(II), but with equimolar concentrations of disodium EDTA.  While our results showed that the addition of 
EDTA reduced the amount of lead taken up by mesquite in the stems and roots, EDTA increased lead 
movement to the leaves.  This paper describes the ability of this plant to survive in a lead-contaminated 
environment and the effects of EDTA on lead tissue concentrations. 
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In the context of using mobilizing agents to induce Arsenic accumulation (induced-phytoextraction) 
in not hyper-accumulator plants interesting results were obtained by using phosphate. The aim of 
the work was to select the phosphate source with the lowest toxic effect on plant and the highest 
Arsenic uptake. The soil sample was collected in a contaminated area with about 487 mg/kg of 
arsenic, pH 7.8, 3% organic matter. Microcosm tests have been set up under controlled condition 
in growth-chamber. Calcium, potassium and ammonium phosphate have been added at the same 
concentration with Lupinus albus and Helianthus annus. Plants were grown for three weeks before 
adding phosphate and harvested after twenty days. Arsenic contents have been evaluated in 
shoots and in soil as water-soluble after harvesting. Plants showed different and specific arsenic 
accumulation and compartmentalization. Lupine showed the highest arsenic uptake up to about 
200 mg/kg with potassium phosphate adding. Regarding to arsenic mobilization, the highest 
effectiveness was obtained with the addition of potassium phosphate The use of phosphate 
demonstrates its success in inducing Arsenic accumulation due to arsenic mobilization in water 
fraction. This is probably due to the competition between arsenate and phosphate in specific 
adsorption sites. Different sources promote different level of arsenic mobilization which in turn 
reflect in different plant uptake. Further work is in progress to asses the phosphate concentration in 
order to have the maximum arsenic uptake and the minimum plant toxicity. Arsenic leaching into 
soil profile must also be considered. 
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A phytoremediation treatability test requires different scales of experimentation: in this project, 
carried out in 2001 and 2002, all of them have been carried out. Preliminary results from laboratory 
and field scale tests are reported. Different plants species were used to extract contaminants from 
a soil coming from an industrial site formerly used as pyrite residual disposal. The metal 
concentrations in the area were not particularly high: about 50-100 mg Kg-1 of Pb, 300-800 mg Kg-1 
of Zn and 20-0 mg Kg-1 of As.The analysis of metal mobility and  the bio-availability of Pb and Zn 
were carried out by sequential extraction procedure, while for As only water extraction was 
performed. The experimental work was focused on evaluating only metal chemical species having 
a significant environmental impact. Results showed very low mobility for all the metals object of the 
study. So, it was decided to test chemical mobilizing agents to increase the bioavailability and 
consequently the metal plant uptake. The metal mobilizing agents used were: EDTA 
(thylendiaminetetraacetic acid) for Pb and Zn and DAP (diammonium phosphate) for As. 
In the first year of the project, sunflower, Indian mustard and maize tested in growth chamber 
(microcosm scale); extraction efficiency was also evaluated by greenhouse experiments 
(mesocosm scale) using 30 Kg pots. Results of metal accumulation and biomass production, led to 
the selection of Indian mustard and maize to continue the work. In the second year, the effect of 
sequential cultivation of Indian mustard and maize, and the optimal addition of DAP and EDTA was 
verified. The experiments were carried on the same pots used previously in the greenhouse and on 
three boxes 1 x 1 x 0.3 m, placed outdoor. Parallel to the controlled environment experimentation, 
a field trial on 3200 m2 was carried out in order to verify the productivity of the site related to the 
presence of metals, using the selected species.  
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Dredging operations remove large quantities of sediments from many industrialized harbors and 
waterways.  These sediments are often unsuitable for open water disposal according to 
environmental regulatory limits.  The presence of contaminants such as polychlorinated 
biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs) and other heavy metals in 
sediments contributes to environmental degradation.  Contamination of sediments also inhibits 
the ability of the US Army Corps of Engineers to dredge, transport, or utilize sediments.  Most 
available technologies used for the remediation of contaminated sediments are cost inhibitive, 
thus we are exploring the potential for using phytoremediation to treat the sediments in a cost-
effective manner.  Phytoremediation utilizes plants to degrade, extract, contain, or immobilize 
contaminants in soil, sediments, and water. This project proposes to look at the ability of plants, 
with and without the incorporation of amendments/bulking agents, to dewater and remediate 
contaminated dredged sediments.  Numerous plants were identified as candidates for this study 
based on their physiological and morphological characteristics, including:  Lolium multiflorum 
(annual rye), Phleum pretense (timothy), Agrostis alba (red top), Trifolium repens (white clover), 
Sesbania exaltata (swamp pea), Avena sativa (seed oat), and Salix nigra (black willow).  The 
experiment was conducted in thirty-six 5.7-liter rigid, clear acrylic tubes (height=88.9 cm; inside 
diameter 8.9 cm).  Numerous independent variables were monitored to model total moisture 
loss and rhizospheric bacteria populations.  It was shown in this experiment that the Salix nigra 
(black willow) performed the best at the task of dewatering the sediments in both the 
unamended and amended buckets, although the Avena sativa had substantially higher bacteria 
populations in both the unamended and amended tubes. Preliminary data supports the 
hypothesis that the addition of plants to the sediments will accelerate the removal of water and 
will enhance the rhizosphere environment to promote beneficial bacterial populations.  The 
results of this study may assist the Army Corp of Engineers in developing cost-effective 
remediation techniques for contaminated dredged sediments. 
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Phytoremediation of Mercury and TNT in our Oceans 
 
Donald Cheney, Paula Bernasconi, Brian Curtis, Northeastern University, Biology Department, Boston, 
MA  02115, Tel: 617, 373-2489, Fax: 617, 373-3724 
Gregory Rorrer, Oregon State University, Dept. Chemical Engineering, Corvalis, OR  97331 
Neil Bruce, University of York, UK   
 
Compared to its status on land, phytoremediation of toxic compounds from marine and estuarine habitats 
is a brand new field. Our work is aimed at developing seaweeds for the removal and detoxification of toxic 
heavy metals and man-made compounds from seawater, in particular mercury and TNT. Because 
mercury is “biomaginified” in marine food chains, its concentration in commercially-valuable, top predator 
fish like swordfish and tuna is of great concern today. The explosive compound TNT poses less of a 
broad scale threat, but is extremely toxic to marine organisms and has accumulated in sites where there 
is unexploaded ordinance.  Our approach is to screen native seaweeds for their natural ability to 
metabolize mercury and TNT, as well as to develop new strains with enhanced removal abilities through 
metabolic engineering. In preliminary work, we have found a tropical red alga, Portieria hornemannii, that 
removes dissolved TNT from seawater, and a temperate red alga, Porphyra yezoensis, that can be 
transformed to do so. Strains of  Porphyra yezoensis transformed with the bacterial nitroreductase gene 
nfsI are tolerant to toxic concentrations of TNT and are being tested for TNT detoxification. Porphyra 
yezoensis is also being investigated as a possible remediator of mercury. It has an EST that shares 
considerable similarity with part of a bacterial mercuric reductase gene and is being tested for its ability to 
break down ionic mercury to elemental mercury. Once a mercury or TNT-remediating seaweed strain has 
been identified or metabolically engineered, we envision it being deployed in the ocean in an 
environmentally safe “seaweed remediation / containment system” that could be deployed in or above 
contaminated sediments and be easily harvested after the toxin was removed. Current methods of 
remediating marine sediments require their removal, which is both very expensive and detrimental to the 
environment. This research is supported by a grant from the Office of Naval Research. 
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Polycyclic Aromatic Hydrocarbon Stress Responses In Arabidopsis thaliana 
 
Tomoko Tabuchi, Annika Marschall, Shirley Micallef and Adán Colón-Carmona, Department of Biology, 
University of Massachusetts Boston, 100 Morrissey Blvd., Boston, MA 02125,  
Tel: 617-287-6680, Fax: 617-287-6650 
Xuchen Wang and Robert Chen, Department of Environmental Coastal and Ocean Sciences, University 
of Massachusetts Boston, 100 Morrissey Blvd., Boston, MA 02125, Tel: 617-287-7491  
Fax: 617-287-7474 
 
Polycyclic aromatic hydrocarbons (PAHs) are toxic organic compounds that originate from fossil fuel 
burning, power plants, wood-treating facilities, and petroleum based manufacturing.  For example, acute 
exposure to the PAH naphthalene can lead to liver damage, hemolytic anemia and neurological damage 
in infants.  In an effort to develop PAH phytoremediation strategies, we studied the mustard model system 
Arabidopsis thaliana for its ability to respond to PAHs.  We will present physiological responses of plants 
grown on phenanthrene, a 3-ring aromatic.  Responses include reduction in growth, decreased 
chlorophyll content and development of brown lesions on aerial tissue, similar to the spots developed 
during a plant’s immune response.  Because phenanthrene is fluorescent upon UV light exposure, 
fluorescence microscopy was used to detect PAHs in situ in phenanthrene grown plants.  Interestingly, 
the lesion patterns on aerial tissues matched that of the fluorescence pattern.  Spectroscopic analysis on 
PAH-treated plants yielded a phenanthrene specific “fingerprint”.  Additional evidence for PAH 
internalization was obtained by gas chromatography/mass spectrometry which revealed that 
approximately 3% of the phenanthrene in the media was incorporated into plant tissue.  Phenanthrene 
also appeared to inhibit the production of hormones and secondary metabolites, which may explain why 
phenanthrene-treated plants are stunted in growth. For phytoremediation to be practical, the use of bigger 
and more “up-take efficient” plants, or even trees, would be ideal.  As a first step towards these ends, four 
different plants from the mustard family (radish, turnip, white mustard, and Alyssum) were grown on 
phenanthrene.  Preliminary results on stress physiological responses suggested that other mustards 
internalize phenanthrene similar to Arabidopsis.  Strategies to identify Arabidopsis genes that can be 
engineered into plants for PAH remediation and biomonitoring will also presented. Overall, data to be 
presented suggest that plants can efficiently take-up PAHs, and could potentially serve as efficient tools 
for cleaning up PAH-contaminated sites.  
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Chlorophenol Phytoremediation with L. minor:  Glycosidation and Storage of Nucleophilic Contaminants 
 
James A. Day*, School of Civil and Environmental Engineering, Georgia Institute of Technology, 899 
Powers Ferry Road, Apartment A-18, Marietta, Georgia 30067 
F. Michael Saunders, School of Civil and Environmental Engineering, Georgia Institute of Technology, 
311 Ferst Drive, Mail Code 0512, Atlanta, Georgia 30332 
 
Acceptance of phytoremediation applications requires increased understanding of fundamental 
mechanisms governing uptake and transformation of contaminants.  To this end, experiments were 
performed to determine the fate of chlorophenols, i.e. 2,4-dichlorophenol (DCP) and 2,4,5-trichlorophenol 
(TCP) in a simulated wetland environment dominated by the aquatic plant, L. minor.  Removal of 
contaminants from simulated natural waters was rapid and complete in the presence of active plants.  In 
contrast, removal in absence of plants was negligible and non-existent in the absence of light.  Removal 
in the presence of inactivated tissues reached a rapid equilibration with no significant photolysis.  
Removed contaminants were isolated from plant tissues as parent and three glycosides, e.g. 2,4-
dichlorophenyl-β-D-glucopyranoside (DCPG), 2,4-dichlorophenyl-(6-O-malonyl)-β-D-glucopyranoside 
(DCPMG) and 2,4-dichlorophenyl-β-D-glucopyranosyl-β-D-apiofuranoside (DCPAG).  Metabolite 
identifications were based on chromatographic, spectral (ESI-MS. ESI-MS-MS, 1H-NMR, COSY-NMR) 
comparisons to synthesized reference compounds.  Metabolite identifications suggested contaminants 
were stored through two mechanisms, vacuolization (malonyl glycosides) and incorporation into 
undetected polysaccharide cell-wall fragments (apiosyl glycosides). Quantitative methods were 
developed for metabolites.  Like many phytoremediation studies, uptakes and assimilation exhibited 
significant temporal variation in assimilation kinetics.  However, when the fraction of assimilated 
contaminant was normalized to contaminant removed from media strong correlations emerged 
demonstrating that identified storage mechanisms were dominant.  At times corresponding to complete 
contaminant removal from media, ~50% of DCP and ~80% of TCP were present as one of the identified 
metabolites.  Metabolites of competing processes, i.e. photolysis or microbial transformation, were not 
detected in media or tissues.  Therefore, these values represent a conservative estimate of the 
contaminants actually assimilated into plant tissues.  In absence of evidence for competing processes, 
decreased recoveries of DCP (50% vs. 80%) relative TCP were attributed to increased process kinetics 
leading to terminal storage products.  The general nature of glycosidation in the plant kingdom suggests 
these results may be generally applicable to phytoremediation of nucleophilic contaminants. 
 
 
*Note, Dr. Day is currently unaffiliated. Research reported here is from his doctoral studies at Georgia 
Tech.   
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Revegetation of a Coal Reject Ash Basin in South Carolina 
 
Jaclin A DuRant, University of South Carolina, School of Public Health, 800 Sumter St.,  
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Lee Newman, University of South Carolina, School of Public Health, 800 Sumter St., Columbia, 
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Email: mrlang00@centre.edu 
 
Understanding the natural processes of revegetation on highly contaminated sites is an 
important step to enable the remediation and restoration of such sites. Ash basin 488-D on the 
Savannah River Site in Aiken County South Carolina, one such site, is undergoing a slow, 
natural revegetation process. The site is composed of highly compacted coal ash and coal 
rejects. Barriers to plant growth in this site include physical barriers such as a high level of 
compaction that increases the difficulty in establishing a root system and chemical barriers such 
as low nutrient availability, high metal content, and extremely low pH due to the oxidation of 
pyrite within the substrate. Despite these barriers, native species have begun to encroach upon 
the area. The purpose of this study is to determine the diversity of the species that have been 
able to grow on this site, and study their growth and the composition of the soil in which they 
have become established. Soil metal content, pH, conductivity, and percent moisture, as well as 
plant metal content, will be determined in order to better understand the natural process of 
revegetation in this area. 
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Aging and Weathering Effects on the Phytoremediation of Petroleum Hydrocarbon 
Contamination in Different Soils 
 
Robert H. Kim, Purdue University, West Lafayette, IN/Savannah River Ecology 
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A. Paul Schwab, Ph.D., Purdue University, West Lafayette, IN, Tel: 765-496-3602, Email: 
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M. Katherine Banks, Ph.D., Purdue University, West Lafayette, IN, Tel: 765-496-3424, Email: 
kbanks@ecn.purdue.edu 
 
Extensive petroleum hydrocarbon contamination may occur from spills and 
commercial/industrial operations, and contaminants may remain in the soil environment for 
many years.  The aging of contaminants in soil affects the rates of natural attenuation and 
phytoremediation for petroleum. This research project was designed to evaluate the aging effect 
in two petroleum-contaminated soils on the rates of natural attenuation and phytoremediation.  
Two phases were evaluated, an unvegetated field aging phase and a vegetated greenhouse 
phase, and two soil types, silty loam and sandy loam, were used.  Field aging durations of the 
contaminated soils prior to establishment of vegetation in the greenhouse were zero-, six-, 
twelve-, and eighteen-month durations.  The three plant species used in the greenhouse stage 
were tall fescue (Festuca arundinacea), switchgrass (Panicum virgatum), and red clover 
(Trifolium praetense).  Plant growth was evaluated for 13 months with an intermediate takedown 
for analysis at eight months. 
 
Overall, tall fescue and red clover were most effective at reducing petroleum concentrations.  
However, the most significant reductions in petroleum concentration and toxicity occurred during 
the field aging phase.  Silty loam exhibited a more extensive reduction in petroleum 
concentration and associated toxicity than the sandy loam, highlighting the relationship between 
increased organic matter content (resulting in increased sorption/sequestration) and decreased 
bioavailability.  Based on the observed reduction in petroleum concentration and toxicity, it can 
be concluded that phytoremediation enhances the clean-up of petroleum-contaminated soils 
during the later stages of contaminant aging. 
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Remediation of VOC-Contaminated Groundwater at the Savannah River Site by Phyto-Irrigation 
 
Robert H. Kim, Purdue University, West Lafayette, IN/Savannah River Ecology Laboratory, 
Aiken, SC, Tel: 803-952-7877, Email: kim@srel.edu 
Cassandra L. Bayer, Bechtel Savannah River, Inc., Aiken, SC, Tel: 803-952-6527 
Email: cassandra.bayer@srs.gov  
Daniel R. Hitchcock, Ph.D., USDA Forest Service, Savannah River, Center for Forested 
Wetland Research, Aiken, SC, Tel: 803-725-2968, Email: dhitchcock@fs.fed.us 
Lee A. Newman, Ph.D., University of South Carolina, Columbia, SC /Savannah River Ecology 
Laboratory, Aiken, SC, Tel: 803-725-9528, Email: newman@srel.edu 
 
The primary source of trichloro- and tetrachloroethylene contamination on the Savannah River 
Site (SRS) was from manufacturing facilities during the height of activity on the SRS from the 
1950’s to the 1980’s.  The SRS was constructed during the early 1950s to produce the basic 
materials used in the fabrication of nuclear weapons, primarily tritium and plutonium-239, in 
support of United States defense programs.  Since then, the SRS has become a hotbed of 
research to clean up the contamination left behind by these operations, which includes the vast 
amounts of trichloroethylene and tetrachloroethylene used as solvents during this time. 
 
Phyto-irrigation is a method that combines natural processes and air-stripping phenomena to 
remove volatile organic compounds from contaminated waters.  This is suitable for use at sites 
where VOC contamination in the water exceeds regulatory levels but, when volatilized into the 
atmosphere, contamination levels remain below allowable limits in the air.  This method has the 
potential to remediate large volumes of VOC-contaminated groundwater at costs considerably 
lower than those of conventional VOC remediation methods such as air sparging and vacuum 
exhausting. 
 
In order to investigate the effectiveness of this method, a pilot-scale study was initiated in a 4-
acre test area on the Savannah River Site (SRS) in Aiken, South Carolina.  The goal of this 
study was determine the efficiencies of phyto-irrigation in plots containing two different mixtures 
of vegetation and root systems.  An above-ground mini-sprinkler system provided irrigation to 
plots with vegetation native to the Southeastern parts of the United States and to plots planted 
with hybrid poplar tree clones that were previously found to have a high tolerance for the target 
contaminants at this site, trichloroethylene (TCE) and tetrachloroethylene (PERC). 
 
Present concentrations in the groundwater at the study site range from 900 to 1400 ppb of TCE 
and below 200 ppb of PERC.  Regulatory limits mandated by the United States Environmental 
Protection Agency (US EPA) for both TCE and PERC are set at 5 ppb, which is considerably 
lower than the measured levels at the study site.  Operations for this study began in October 
2001 and were scheduled to operate for three years.  VOC separation from then groundwater 
will be achieved by the above-ground sprinkler system, foliage from the vegetation will act as a 
filter to trap the VOCs, and the root system will act as a barrier to prevent contamination from 
entering a clean aquifer that lies between the contaminated aquifer and the ground surface.  
The baseline phase of this project was completed in November 2002 with approximately 1.5 
million gallons of contaminated water irrigating the site. 
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Field-scale phytoremediation of weathered hydrocarbon- and lead (Pb)-contaminated soil from a bus 
depot was conducted in southern Finland.  Hydrocarbons detected in soil consisted of used lubricating 
oils and diesel fuel.  Total petroleum hydrocarbon (TPH) concentrations measured approximately 10,000 
mg/kg and consisted of unresolved complex mixture (UCM).  Soil Pb concentrations ranged from 300 to 
3000 mg/kg, and approximately one-third was considered plant-available.  High variations in contaminant 
concentrations occurred, reflecting the heterogeneity of the soil.  Soil amendments included NPK fertilizer 
and composted biosolids.  The site was vegetated with Scots Pine (Pinus sylvestris), poplar (Populus 
deltoides), a grass mixture (red fescue, Festuca rubra; tall fescue, F. arundinacea; perennial ryegrass, L. 
perenne) and a legume mixture (red clover, Trifolium pratense; pea, Pisum sativum).  Plants grew better 
(i.e., greater biomass, less phytotoxicity symptoms) in the biosolids-amended plots, and TPH levels 
decreased most rapidly under the vegetated biosolids treatment.  Metals did not accumulate markedly in 
any plant tissue.  Soil microbial activity was assessed using Biolog™ Eco plates and microbial 
extracellular enzymatic assays.  The pH of collected leachates was near-neutral, but metal concentrations 
exceeded drinking water standards.  Leachates were not, however, toxic to Vibrio fischeri (BiotoxTM, 
Finland). Toxicity was determined directly from soil samples with Enchytraeus albidus survival tests and 
with an improved Vibrio fischeri BioToxTM test designed for sediment or solid samples.  Soil toxicity to 
Vibrio fischeri decreased during the first year of study, and soil samples were not toxic in E. albidus 
survival tests. 
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Metabolic Reponse of Arabidopsis thaliana to Trichloroethylene 
 
Sarah Strycharz, Norman J. Arnold School of Public Health, University of South Carolina, 
Columbia, SC 
Lee Newman, Norman J. Arnold School of Public Health, University of South Carolina, Columbia, 
SC, and Savannah River Ecology Lab, Aiken, SC 
 
Arabidopsis thaliana is a small, weed-like plant lacking characteristics suitable for 
phytoremediation of groundwater. However, Arabidopsis is considered to be a model organism 
for plant genetic research, and therefore may be useful to phytoremediation. The information 
available for the Arabidopsis genome has been made widely available due to the sequencing of 
this species in the year 2000. In order to utilize the genetic information available for Arabidopsis 
thaliana, we have screened 13 different Arabidopsis ecotypes for metabolites of 
trichloroethylene (TCE). Increased levels of di- and tri- chloroacetic acid in plant tissue that has 
been exposed to TCE indicates the ability of a plant to metabolize TCE. Of the different 
ecotypes that were examined, several exhibited an enhanced capacity to degrade TCE. 
Ecotypes producing higher levels of trichloroacetic acid than controls will be considered for 
further genetic analysis.  
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Metabolic Response of Native Southeastern Plants to Trichloroethylene 
 
Sarah Strycharz, Norman J. Arnold School of Public Health, University of South Carolina, 
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Phytoremediation of trichloroethylene (TCE) from contaminated groundwater has been 
performed using fast-growing tree species that maintain a high water demand, and thus a high 
uptake rate for TCE. Tree species with these characteristics make excellent candidates for 
phytoremediation applications due to their ability to take up large amounts of groundwater, and 
therefore contaminant. Several metabolites of TCE have been identified in the tissue of poplars 
including trichloroethanol (TCEtOH) and di- and trichloroacetic acids (DCAA, TCAA). The 
presence of these metabolites indicates that TCE degradation is taking place through natural 
metabolism of exogenous compounds in the plant system. The various climates within the 
United States create a demand to expand the range of plants that can be utilized for 
phytoremediation. By screening native tree species for the ability to take up and degrade TCE 
we hoped to identify phytoremediation candidates suitable for the Southeast. We also looked at 
commercial grade tobacco plants because of their abundant growth and cultivation in the 
Southeast. Tobacco has also been shown to degrade TCE. This study was a greenhouse based 
project that simulates the effects of groundwater TCE on the plant system. We examined native 
tree species of the Southeast by studying their interaction with TCE. Tissue analysis by gas 
chromatography revealed the presence of TCE, TCEtOH, DCAA, and TCAA in various samples. 
Transpiration samples were also collected to determine if TCE was being released to the 
atmosphere after plant uptake. While overall growth did not appear to be affected by TCE 
treatment, some species possess a greater potential for phytoremediation field applications.  
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Phytoremediation is the technique that removed contaminants in environment by plants, and is 
researched in world, recently.  We focused attention on Japanese weeds having large biomass and high 
environmental adaptability as a metal hyperaccumulator.   Especially, we investigated seasonal metals 
movement of roots, stems and leaves on Artemisia princeps Pampan, one of the Japanese weeds, and 
examined method of heavy metal removal from soil.  Plants and surface soils were collected at 
watersides such as reservoir and adjustment pond around our University at Nara Prefecture, and around 
Kizu river of Seika town at Kyoto Prefecture in Japan.   Collected soils were air-dried.   On the other hand 
collected plants were washed with distilled water and then separated the roots, stems and leaves, and 
were dried with oven at 80C for 24hrs.   The soils and plants were ashed using H2NO3, HCl, and 30% 
H2O2.   Mn, Ni, Cr, Fe, Cu, Zn and Li in the ashes were measured by AAS.   Metal hyperaccumulator was 
not found yet from investigation places.  However, Aster leiophyllus Artemisia princeps Pampan and 
Stenactis annuus Cass accumulated 2 or 3 times more metals (Cr, Cu, Mn) rather than other plants in the 
same collection place.  As to seasonal metals movement of roots, stems and leaves on Artemisia  
princeps Pampan, plants contents and accumulation ratio of Cu that compared the contents between soil 
and plants are high in autumn.   Except for Cu, other metals Cr and Mn were accumulated in summer.   
As a result it is thought that Cu has special role different from other metals.   Accordingly, this movement 
is important in examination of treatment stage after having taken in heavy metal. 
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Metals play an important role in the environment.  However, some metals can build up to levels in soils 
toxic to biota.  Phytoextraction is the use of plants to accumulate contaminants (such as metals) in the 
plant roots and (preferably) shoots for removal and potential re-use.  This method remediates the soil and 
provides for possible metal recycling.  This experiment investigates four plant species (Lycopersicon 
esculentum, Lupinus perennis, Brassica juncea, and Panicum virgatum) in their potential for 
phytoextraction of cobalt and palladium.  Cobalt and palladium are present in small quantities in some 
soils, though levels are increasing due to anthropogenic activities.  Plants were grown in greenhouse 
conditions for several weeks, then harvested by plant part, weighed, ground, ashed, digested in nitric acid 
and analyzed with inductively coupled plasma atomic emission spectrometry (ICP-AES) for Mn, Fe, Co, 
Ni, Cu, Zn and Pd.  Soils used were sequentially extracted into five phases (exchangeable, carbonate, 
Fe/Mn oxides, organic matter, and residual) for ICP-AES analysis of Mn, Fe, Co, Ni, Cu, Zn and Pd.  
Results thus far indicate that Indian mustard (Brassica juncea) and tomato (Lycopersicon esculentum) 
both accumulate Co in the aerial portion of the plant (300 µg/g and 100 µg/g respectively).  Preliminary 
results indicate that Pd does not accumulate in the flowers of tomatoes.  Overall, the plants tested thus 
far have the potential for phytoextraction of cobalt. 
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Laboratory Simulations of Groundwater Depth Changes and Soil Radon Emanation 
Paul Merolla, George Mason University, Fairfax, VA 
Douglas Mose, George Mason University, Fairfax, VA 
George Mushrush, George Mason University, Fairfax, VA 
 
Radioecology of Lake Sevan Basin, Armenia 
Armen Stepanyan, National Academy of Sciences (NAS), Yerevan, Armenia 
Anna Nalbandyan, National Academy of Sciences (NAS), Yerevan, Armenia 
Armen Kyureghyan, National Academy of Sciences (NAS), Yerevan, Armenia 
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Correlation Test Between Indoor Radon and Surficial Gamma Radiation in Northern Virginia 
George Saiway, George Mason University, Fairfax, VA 
George Mushrush, George Mason University, Fairfax, VA 
Douglas Mose, George Mason University, Fairfax, VA 
 
Reduction of Radon in Municipal Wells in Virginia and Maryland 
Fiorella Simoni, George Mason University, Fairfax, VA 
 George Mushrush, George Mason University, Fairfax, VA  
 Douglas Mose, George Mason University, Fairfax, VA 
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Laboratory Simulations of Groundwater Depth Changes and Soil Radon Emanation 
  
Paul Merolla, Douglas Mose and George Mushrush, Chemistry Department, George Mason University, 
Fairfax, VA 22030, Tel/Fax: 703-273-2282, Email: Dje42@aol.com 
 
Measurements of radon emanation in soil gas exhibit changes related to the water table. A 
rising water table causes an increase in radon emanation while a falling water table causes a 
decrease.  These changes are thought to be related to the decrease or increase in the pore 
spaces throughout which the soil gas radon can be distributed.  When the water table stabilizes 
at relatively high levels, the radon emanation slowly deceases while if the water table stabilizes 
at relatively deep levels, the radon emanation slowly increases.  These changes are thought to 
be related to the lesser or greater availability of water-free pore spaces which can generate 
mobile radon.  These patterns may serve to explain unanticipated changes in indoor radon 
concentrations.   
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The Lake Sevan is among the largest highland freshwater lakes in the world. Its basin 
represents an inter-mountain depression whose central part is occupied by the lake. The 
maximum elevations of ridges are 3300-3579 m and the coastline areas are at 2000 m above 
sea level. Investigations of environmental radioactivity in Sevan basin and in the lake itself have 
the strategic importance, since this waterbody is the only guaranteed source of fresh water in 
Armenia and all South Caucasus. Since 1933, lake water has been used for hydropower and 
irrigation. Before now, the lake level has subsided by 18.8 m and its surface area has shrunk by 
12%. Human effect has caused the disturbance of environmentally sustainable status of the 
lake. Armenia has been conducting different studies of different issues regarding the 
environmental and technical requirements for preservation of this lake as the source of fresh 
water, fisheries, recreation, etc. 
 
One of the issues is radioecology, i.e. the studies of radioactivity of soil, vegetation, water, and 
bottom sediments. These studies in Sevan were launched in 1952 and are 
running now. The principal soil is black earth. The level of natural radioactivity of 
soil assessed in terms of gross radionuclides (uranium, radium, thorium, 
potassium, and rubidium) averages 475 Bq/kg. In 1994, beta-radioactivity of soil 
was mainly within the natural range (500-600 Bq/kg) and only 20% of samples 
had some increased concentrations. The highest level of radioactivity in meadow 
vegetation was documented in 1962 – 3718 Bq/kg dry wt. In 1989 beta-
radioactivity decreased down to 975 Bq/kg. Potassium radioactivity in vegetation 
made about 500 Bq/kg. The moss sample dated 1988 contained 270 Bq/kg dry 
wt of 137-Cs. In this relation, the studies have been started together with Prof. 
William C. Burnett from Florida State University and Assist. Prof. Jaye E. Cable 
from Louisiana State University, USA within the project ”Paleoecology and paleo-
radioecology of Lake Sevan”. First results have revealed the presence of 137-Cs 
in surface (0-50 cm) layer of bottom deposits sampled from depth 54 m. 
Potassium and radium are also present.  
 
References: 
1. Geology of Sevan, NAS RA, Institute of Geological Sciences, Y.- 1994, pp.168. 
2. Ecological Problems of Lake Sevan, NAS RA, Institute of Hydroecology and Ichtiology, Y.- 
1993, pp. 88. 
 228
3. Geochemistry of Natural Waters of Lake Sevan Catchment, NAS RA, Publ. ”Gitutyun”, Y.- 
1997, pp. 282. 
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Correlation Test Between Indoor Radon and Surficial Gamma Radiation in Northern Virginia 
 
George Saiway, George Mushrush and Douglas Mose, Chemistry Department, George Mason University, 
Fairfax, VA 22030, Tel/Fax: 703-273-2282, Email: Dje42@aol.com 
 
In northern Virginia, significant indoor radon differences occur between nearby communities.  
Studies reveal these differences to be correlated with soil chemistry and permeability.  Homes 
constructed in the soil developed over the Peters Creek Schist almost all exceed the USEPA=s 
MCL of 2 pCi/L for homeowners, and over 50% exceed the USEPA=s MCL of 4 pCi/L for home 
buyers. In this study group, home construction seems not important except that homes with 
electrical heating systems averaged almost 2 pCi/L higher than homes with gas and oil 
furnaces.  It was unanticipated that total-gamma radiation in this soil was not homogeneous, but 
comparisons between indoor radon and soil gamma radiation show a positive correlation, 
suggesting that soil aeroradioactivity measurements can delineate areas with a high potential 
for indoor radon.   
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Reduction of Radon in Municipal Wells in Virginia and Maryland 
 
Fiorella Simoni, George Mushrush and Douglas Mose, Chemistry Department, George Mason University, 
Fairfax, VA 22030, Tel/Fax: 703-273-2282 
 
Approximately 10% of the homes in northern Virginia use well water, and our measurements 
show that some exceed 4000 pCi/L, the average is about 2000 pCi/L, and few have waterborne 
radon as low as 300 pCi/L, the USEPA's recommended Maximum Concentration Level. In this 
area, granitic rocks yield well water with about 3000 pCi/L, felsic metamorphic rocks yield well 
water with about 2000 pCi/L, and quartz-rich sedimentary rocks average about 1000 pCi/L. 
Tests of remediation technology showed that passing water through large tanks of activated 
charcoal removes about 90% of the waterborne radon, but the charcoal becomes less efficient 
over a few months. Aeration experiments using a blade or experiments using a splash box in 
large community storage tanks each removed about 60-70% of the waterborne radon, but using 
both removed about 90%, and the combination does not become less effective through time. 
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Regulatory Poster Session 
 
Power Engineering and Environmental Policy in Czech Republic 
Prof. Dr-Ing. Milos Beran, University of  West Bohemia in Pilsen, Sady Petatricatniku, Czech Republic 
Ass.Prof. Dr-Ing. Jan Mühlbacher, University of  West Bohemia in Pilsen, Sady Petatricatniku, Czech 
Republic 
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Power Engineering and Environmental Policy in Czech Republic 
 
Prof. Dr-Ing. Milos Beran, Department of Power Systems, Faculty of Electrical Engineering,  University of  
West Bohemia in Pilsen, 306 14 Plzen, Sady Petatricatniku 14, Tel: 420 37763 4304, Email : beran @ 
kee.zcu.cz 
Ass.Prof. Dr-Ing. Jan Mühlbacher, Departement of Power Systems, Faculty of Electrical Engineering, 
University of West Bohemia in Pilsen, 306 14 Plzen, Sady Petatricatniku 14, Tel: 420 37763 4300, Email : 
muhl @ kee.zcu.cz 
 
The environment  in Czech Republic is effected by  operation of power plants and processes of heat and 
power co-generation. These environmental impacts can be reduced by professional management of 
these activities along with due conduct on our side. Our environmental friendly way of management of 
power and heat generation has been based upon our qualification in technology operation and personnel 
control capabilities and involvement. Our responsible approach to the environment is documented  by the  
following commitments : 
- Environmental protection is one of the major priorities in our power companies and has become an 
integral part of its governements 
- Respecting the existing laws governing the environments and the peaceful use of nuclear energy and 
ionising radiation along with observance of the limits established by these laws and/or with respect to 
international obligations of the Czech Republic in environmental protection are considered our 
essential duty. 
- Environmental protection in our country is based on prevention aimed at creation of systematic 
condition for safe and reliable operation. 
- Our impact on the environment are monitored and evaluated. The resulting knowledge is utilised in 
our entreproneurial activities as well as for providing information for the government authorities, 
regional bodies and the public. 
- In the preparation of technical measures for  environmental protection, the best available, 
economically feasible, safe and environmental friendly technologies, are preferred. 
- Our approach to the environmental affairs takes in account the specific situations in  which  each 
power plant is operating and we respond to any constructive criticism and ideas presented by 
interested parties. 
- We are aimed at improving our environmental protection mainly by means of the use of raw material, 
supplies and energy, control of air emissions and utilisation of the by-products, firstly the ash and 
gypsum in other industries. 
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Remediation Poster Session 
 
Capacity of Organoclay For Heavy Metals 
George R. Alther, Biomin, Inc., Ferndale, MI 
 
Solubilization of Chlorinated Solvents by Ionic Surfactants 
Kitae Baek, Korea Advanced Institute of Science and Technology,Daejeon, Republic of Korea 
Jae-Young Lee, Korea Advanced Institute of Science and Technology,Daejeon, Republic of Korea 
Ji-Won Yang, Korea Advanced Institute of Science and Technology,Daejeon, Republic of Korea 
 
Anaerobic Biodegradation and Biotransformation Using Emulsified Edible Oils 
Gary M. Birk, EOS Remediation, Inc., Raleigh, NC 
M. Tony Lieberman, Solutions Industrial & Environmental Services, Inc., Raleigh, NC 
 
Sewer and Water Treatment Center – an Excellent Project However Unique in the City – Case Study 
Julieta Laudelina de Paiva, Universidade Católica de Petrópolis, Petropolis, Brazil  
Luiz Fernando Gorni, Faculdades Integradas Teresa D’Ávila, Petropolis, Brazil 
 
An Innovative Water Purification Method and Devices 
Victor S. Gevod, Ukrainian State Chemical Technology University, Dnepropetrovsk, Ukraine 
Iryna L. Reshetnyak, Ukrainian State Chemical Technology University, Dnepropetrovsk, Ukraine 
Sergey V. Gevod, Ukrainian State Chemical Technology University, Dnepropetrovsk, Ukraine 
Iryna G. Shklyarova, Ukrainian State Chemical Technology University, Dnepropetrovsk, Ukraine 
A.S. Khokhlov, Ukrainian State Chemical Technology University, Dnepropetrovsk, Ukraine 
 
O2Tubes Vertical Re-circulation and Oxygen Generation Cell Delivers Dissolved Oxygen in Tight Midwest 
Soils 
Jerry Kellgren, O2Tube Technologies, Inc., Batavia, IL 
 
Using High Organic Matter Compost in Wetlands Restoration 
W. Robert Kelly, Seacoast Farms Compost Products, Inc., Exeter, NH  
 
The Use of Natural Attenuation Modeling as a Risk Based Cleanup Alternative   
James A. Berndt, Mundell & Associates, Inc., Indianapolis, IN 
John A. Mundell, Mundell & Associates, Inc., Indianapolis, IN 
 
Factors Influencing the Plugging Effect of Xanthan Solutions in Porous Media 
Robert A. Khachatoorian, University of Southern California, Los Angeles, CA  
Ioana G. Petrisor, University of Southern California, Los Angeles, CA 
Teh Fu Ye, University of Southern California, Los Angeles, CA  
 
Six-Phase Heating™ Rapidly Remediates Brownfields Properties For Redevelopment 
Joseph A. Pezzullo, Current Environmental Solutions, Langhorne, PA 
William O. Heath, Current Environmental Solutions, Richland, WA   
Benaiah M. Jorgensen, Current Environmental Solutions, Richland, WA   
Christopher  J. Thomas, Current Environmental Solutions, Des Plaines, IL 
 
Constructed Wetlands for Wastewater Treatment 
Paul A. Pier, Tennessee Valley Authority, Muscle Shoals, AL  
Leslie L. Behrends, Tennessee Valley Authority, Muscle Shoals, AL 
 
Fast Track Design and Construction of an Enhanced LNAPL Recovery Trench 
Cindy DiSante, CH2M HILL, Boston, MA  
Jessica Raphael, CH2M HILL, Detroit, MI 
James F. Strunk, Jr., CH2M HILL, Parsippany, NJ 
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A Man-Made Ecosystem and Polluted Soils Detoxification 
R.Revazyan, The Center for Ecological-Noosphere Studies of NAS RA, Yerevan, RA 
E.Safrazbekian, The Center for Ecological-Noosphere Studies of NAS RA, Yerevan, RA 
A.Sakoyan, The Center for Ecological-Noosphere Studies of NAS RA, Yerevan, RA 
 
Remedial Actions in Response to a Kerosene Release Impacting a Wetland 
Steven W. Rumba, Web Engineering Associates, Inc., Norwell, MA 
William E. Baird, Web Engineering Associates, Inc. Norwell, MA 
 
Adaptive Use of a Medical Oxygen Generator for Remediation of a Petroleum Release Site  
Brian Connaughton, Hydro-Environmental Technologies, Inc., Acton, MA 
 Irwin Silverstein, Hydro-Environmental Technologies, Inc., Acton, MA 
 
An Overview of Continuous and Amorphous Pores Surfaces (CAPS) Ceramic as a Pollution Treatment 
Technology 
Ismail Tabtabai, Filton International Co., Saitama, Japan 
Marzouq I. Buarki, Kuwait Petroleum Corp., Safat, Kuwait 
 
The Role of Turning for Effective Inactivation and Optimal Composting 
L.D.Trung, Osaka University, Osaka, Japan 
M. Tateda, Toyama Prefectural University, Toyama, Japan 
M. Ike, Osaka University, Osaka, Japan 
M. Fujita, Osaka University, Osaka, Japan 
 
Crude Oil Remediation in Tropical Forests 
Dr. Flip van Keulen, Fugro Ingenieursbureau B.V., Leidschendam, Netherlands 
Dr. Philip van Diest, Fugro Ingenieursbureau B.V., Leidschendam, Netherlands 
Dr. William Veerkamp, Shell Global Solutions, The Hague, Netherlands 
Ing Wim Vrieling, Shell Global Solutions, The Hague, Netherlands 
Dr. Arno F. Peekel, Royal Haskoning, Rotterdam, Netherlands 
Ir. H.M.C. Satijn (Bert), Centre for Soil Quality Management and Knowledge Transfer, Gouda, 
Netherlands 
 
Remediation of Diesel Oil-contaminated Soil using a Two-liquid Phase System 
Jae-Young Lee, National Research Laboratory for Environmental Remediation, Daejeon, Republic of 
Korea 
Kitae Baek, National Research Laboratory for Environmental Remediation, Daejeon, Republic of Korea  
Hyun-Jeong Cho, National Research Laboratory for Environmental Remediation, Daejeon, Republic of 
Korea 
Ji-Won Yang, National Research Laboratory for Environmental Remediation, Daejeon, Republic of Korea 
 
Free Product Removal – Active Skimming System, Naval Station San Diego 
Kent Weingardt, Foster Wheeler Environmental Corporation, San Diego, CA 
Corey Young, Foster Wheeler Environmental Corporation, San Diego, CA  
Michael Corry, Naval Facilities Engineering Command, San Diego, CA 
Theresa Morley, Navy Region Southwest, San Diego, CA 
 
Treatment  of Groundwater  by Nanofiltration to Provide Drinking Water for Small Communities 
Darwish I. Yousef, Yousef Office for Science and Engineering, Aleppo, Syria 
Benyamin I. Yousef, Yousef Office for Science and Engineering, Aleppo, Syria 
Robin I. Yousef, Yousef Office for Science and Engineering, Aleppo, Syria 
 
Study on Washing up Diesel Residue from Contaminants Loess Soil Using Anionic and Cationic 
Surfactant Solutions 
Kun Zhu, Lanzhou Railway University, Gansu, PR China  
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Capacity of Organoclay For Heavy Metals 
 
George R. Alther, Biomin, Inc., Ferndale, MI. 48220 
 
Since organoclays consist of about 60% bentonite, and since a good bentonite is 95% montmorillonite 
clay, it is expected that organoclay, when placed into contaminated water, removes heavy metals. It does 
that simultaneously as it removes organic compounds, as many laboratory tests and field experiences 
have shown. 
 
Prediction of capacity for heavy metals is difficult because organoclays used for water cleanup are usually 
a blend of organoclay and anthracite. The anthracite decreases plugging of interstitial pores by oil. 
 
A series of laboratory column tests where conducted to determine the capacity of the organoclay blend 
for 5 heavy metals which are most frequently found in ground and wastewater. These metals are lead, 
copper, nickel, cadmium, and zinc. The results of these tests, and their meaning, are discussed. 
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Solubilization of Chlorinated Solvents by Ionic Surfactants 
 
Kitae Baek, Department of Chemical and Biomolecular Engineering, Korea Advanced Institute of Science 
and Technology (KAIST), 373-1, Guseong-dong, Yuseong-gu, Daejeon 305-701, Republic of Korea, Tel.: 
+82-42-869-3964, Fax: +82-42-869-3910 
Jae-Young Lee, Department of Chemical and Biomolecular Engineering, Korea Advanced Institute of 
Science and Technology (KAIST), 373-1, Guseong-dong, Yuseong-gu, Daejeon 305-701, Republic of 
Korea, Tel.: +82-42-869-3964, Fax: +82-42-869-3910 
Ji-Won Yang, Department of Chemical and Biomolecular Engineering, Korea Advanced Institute of 
Science and Technology (KAIST), 373-1, Guseong-dong, Yuseong-gu, Daejeon 305-701, Republic of 
Korea, Tel.: +82-42-869-3924, Fax: +82-42-869-3910 
 
Solubilization characteristics of chlorinated solvents, 1-chlorobenzene and 1,2-dichlorobenzene which are 
listed in the hazardous pollutants by EPA and used in various manufacturing industries, by ionic 
surfactants, were investigated for the application of surfactant-enhanced aquifer remediation to 
groundwater cleanup. Most of chlorobenzenes were solubilized at the palisade and core of micelles due 
to hydrophobic interaction between hydrophobic tail of micelles and chlorobenzenes. Cetylpyridinium 
chloride (CPC) was a better surfactant than sodium dodecyl sulfate (SDS) for the solubilization of 
chlorobenzenes because looser packing of CPC micelles and π-π interaction between pyridinium ring of 
CPC and benzene ring of chlorobenzenes. Solubilization of 1,2-dichlorobenzene was higher than that of 
1-chlorobenzene because the hydrophobicity of 1,2-dichlorobenzen was higher than that of 1-
chlorobenzene and the major driving force of solubilization was hydrophobic interaction. At the conditions 
of co-existence of 1-chlorobenzene and 1,2-dichlorobenzene, the solubilization of one did not affect that 
of the others, which means that the simultaneous removal of two chlorobenzenes is possible. 
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Anaerobic Biodegradation and Biotransformation Using Emulsified Edible Oils 
 
Gary M. Birk, P.E., EOS Remediation, Inc., 3722 Benson Drive, Raleigh, NC 27609, Tel: 919-873-2204, 
Fax: 919-873-1074, Email: gbirk@eosremediation.com 
M. Tony Lieberman, RSM, Solutions Industrial & Environmental Services, Inc., 3722 Benson Drive, 
Raleigh, NC 27609, Tel: 919-873-1060, Fax: 919-873-1074, Email: tlieberman@solutions-ies.com 
 
Chlorinated solvents originating from clothing and textile dry cleaning operations, metal parts cleaning 
activities, and paint solvents can quickly degrade an aquifer.  Nitrate, perchlorate and dissolved metals in 
groundwater also pose serious water quality threats.  Options for cleanup of these contaminants vary, but 
many have high capital costs that need long-term maintenance, continuing attention and are not 
appropriate for lightly contaminated areas or where the source area is poorly defined.  EOS Remediation, 
Inc. is licensed under U.S. Patent #6,398,960 to provide an innovative, patented remediation technology 
that generally requires a one-time application, no aboveground equipment, and no maintenance.  The 
introduction of this low cost emulsified edible oil substrate (EOS®) to the aquifer has been shown to 
accelerate anaerobic biodegradation in aquifers impacted with chlorinated solvents, perchlorate, nitrate 
and to promote biotransformations of chromium, radionuclides (Ur, Tc), and acid mine drainage to less 
toxic forms.  
 
EOS® technology has shown superior product handling and subsurface distribution characteristics 
compared to other in situ products.  Supplied as a microemulsion concentrate, EOS® is mixed in the field 
and pumped into the aquifer, affording immediate impact to greater areas of concern beneath the site.  
Data have confirmed the establishment of anaerobic conditions within two to three months after 
application.  Field results at three Air Force bases and several industrial sites to date have shown the 
ability to successfully distribute EOS® into contaminated aquifers up to 25 feet from the injection point, 
depending on site-specific hydrogeological conditions.   
 
Emulsified edible oils have been shown to be very effective as a long-lasting, natural time-release, 
organic substrate.  Project data confirm its longevity in aquifers for over three years without re-application 
as well as its ability to stimulate the desired biological activity and transformations.  In this presentation, 
EOS Remediation will show how the technology is implemented, share project data and illustrate the 
advantages of this powerful new remediation approach. 
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Sewer and Water Treatment Center – an Excellent Project However Unique in the City – Case Study 
 
Julieta Laudelina de Paiva, M.Sc., Universidade Católica de Petrópolis, Rua Floresta, 685 – Petrópolis – 
RJ – 25615090, Brazil, Tel: 55 24 22420840, Email: paivaj@compuland.com.br 
Luiz Fernando Gorni, M.Sc., Faculdades Integradas Teresa D’Ávila, Rua  Dr. Sebastião de Carvalho, 143 
– Petrópolis – RJ – 25680160 – Brazil, Tel: 55 24 22425915, Email: gorni@compuland.com.br 
 
This paper focuses the use of water resources question by Werner Fábrica de Tecidos S.A., a textile 
industry in Petrópolis – Rio de Janeiro State – Brazil. German founded this industry in 1904, and it is one 
of most traditional enterprise in the city.  
 
This city was chosen due its great amount and quality of water resources. Nowadays, these resources 
are becoming scarce and its harm use, as throwing industrial effluents and sanity sewage, without 
treatment in its flow as well as hillside deforestation caused by urban expansion, is making it worse.  
 
Due to legal imposition from National Policy to Environment enforced by Federal Law 6.938/1981, 
became obligatory effluent treatment system implantation. Werner built a pioneer treatment plant 
involving a large amount of money. 
 
The sewer treatment center beget sludge that has been used in some experiments in the enterprise’s 
farm, situated in Três Rios, a Petrópolis neighbor city. The goal is to know if it is possible to use the 
sludge as organic matter provider, in eucalyptus sp. plantation, aiming to widely recycle this waste. The 
presence of heavy metals in sludge has been monitored. 
 
Although this is a relevant project and with very good results, same critiques can be presented – not over 
the project or its implantation itself – but related to the context in which this enterprise is: the project 
importance became relative when is noticed that other enterprises do not comply with this legal 
imposition. Other question is the public inspection agency inefficiency that allows unscrupulous 
companies to pollute the rivers depleting its water quality and quantity.   
 
The  way Werner deal with water resources is very important to its preservation – now scarce and 
polluted – however the lack of rigor from public agency to enforce the implantation of similar projects and 
its inspection, can make these investments useless because public authority neglect. 
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An Innovative Water Purification Method and Devices 
 
Victor S. Gevod, Iryna L. Reshetnyak, Sergey V. Gevod, Iryna G. Shklyarova and A.S. Khokhlov, 
Ukrainian State Chemical Technology University, Gagarin prospect, 8, Dnepropetrovsk, Ukraine, 49005, 
Tel: 380-562-470674, Fax: 380-563-680755 
 
Water quality deteriorates at its supplying through distribution networks. At peripheral water-use points 
the concentration of trihalomethanes, toxic proteins, sediments, endogenous SAS, iron compounds may 
exceed MPC level up to several times and alive microorganisms - up to hundred times. At present this 
problem is solved by producing bottled water for cooking and drinking and by installation of different 
adsorption-filtering and osmotic systems at the points of water use and entry. All these means are 
expensive. Consequently, there is a need for new, cost-effective water purifiers. The alternative to 
conventional devices can be the bubble-film extraction one. Its principle is based on endogenous surface-
active substances ability to make water much cleaner at its treatment by air bubble stream in the space of 
special geometry. The novelty is protected by Patents. The bubble-film extraction allows to afterpurify tap 
water by 10-100 times more economically. Quality of treated water satisfies WHO requirements. After-
purifiers of bubble-film extraction mode of action were produced and supplied for consumers under 
creator’s control. The data obtained have led to conclusion that innovative method and designed devices 
can be also applied for purification of well and waste waters. For this purpose the advanced bubble-film 
extraction method was developed. Its main idea is the use of minor amounts of special surface-active 
polyelectrolytes as additives to accelerate and to increase the degree of water purification at its treating 
by air bubble stream. Chosen polyelectrolytes act concurrently as disinfectants and additional carriers of 
target water contaminants, such as: bacterium, viruses, humic matter, iron and arsenic compounds, etc. 
Advanced bubble-film extraction purifiers can find practical application instead of/or in combination with 
conventional systems. Their use allows reduce the cost of water treatment. The pilot water purifiers with 
water treatment ability 1 - 1000 Litres per hour were designed. 
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O2Tubes Vertical Re-circulation and Oxygen Generation Cell Delivers Dissolved Oxygen in Tight Midwest 
Soils 
 
Jerry Kellgren, O2Tube Technologies, Inc., 711 West Main Street, Batavia, Illinois 60510, Tel: 630-406-
0899, Fax: 630-406-0807  
 
The worlds first in situ dissolved oxygen generation and vertical re-circulation system for groundwater in 
gravel's, sands, silts and clays! The O2Tube patent-pending system can provide the exact concentration 
of dissolved oxygen required for biological degradation of contaminants in groundwater without elaborate 
treatment systems, chemicals and their astronomical costs. Every O2Tube system is easy to operate, 
simple to maintain and costs pennies a day to operate. The O2Tube system works in all types of soils and 
has been classified as an institutional and/or engineered barrier in Florida. The O2Tube system can be 
used to polish any currently installed groundwater treatment system by stimulating bacteria to release the 
product presently absorbed to the soil. The main advantage to using a O2Tube oxygen generation and 
vertical re-circulation system is how well it works in low flow sites (< 10-3 cm/s) where oxygen release 
chemicals and oxygen diffusion rarely meet expectations.  O2Tube Technologies, Inc. guarantees an 
increase of 1 PPM oxygen within a 15 foot radius of the re-circulation well on a low flow site. Data and 
pictures from actual field sites will show an installation and field and laboratory results from several  
petroleum contaminated groundwater sites in different types of soils. Additional information on O2Tube 
cells can be found at www.o2tube.com. 
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Using High Organic Matter Compost in Wetlands Restoration 
 
W. Robert Kelly, P.E., Seacoast Farms Compost Products, Inc., 59 Columbus Avenue, Exeter, NH 03833, 
Tel: 603-772-6490, Email: BobKelly@attbi.com.   
 
Seacoast Farms Compost Products, Inc. is a specialty soils production company that produces organic 
topsoils and designer composts for landscaping and construction uses.   
 
Beginning in November 2001, the company supplied compost for a superfund cleanup project in 
Kingston, NH to replace contaminated indigenous peat moss with a soil matrix capable of immediately 
integrating with underlying soils while providing appropriate filtering and plant growth qualities. The Ottati 
& Goss site is a former barrel reconditioning facility.  Contaminated sediments from this facility were 
transported via surface runoff into a large wetlands area located down gradient of the site. The 
remediation plan included wholesale removal and replacement of approximately 5 acres of wetland soils 
to a depth deemed necessary to remove the contamination, sometimes as much as 24 inches.  
The compost used for the wetland backfill had to meet stringent physical and chemical analysis 
requirements.  Chemical testing of the samples included laboratory analyses for VOCs, SVOCs, PCBs, 
Metals, Pesticides and Herbicides.   
 
Seacoast Farms Compost Products also provided compost for interior water channels and a pond area 
that matched original conditions on the property.  The uniform compost quality and attention to the 
ecosystem dynamics by the design team and field contractor have allowed a rapid return to natural 
conditions, albeit with a much cleaner subsoil.  As of September 2002, less than 8 months after the 
restoration was complete, the soil matrix and vegetation has fully re-established itself in all areas of the 
wetlands and pond buffer zone.   
Deleted: ¶
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The Use of Natural Attenuation Modeling as a Risk Based Cleanup Alternative   
 
James A. Berndt and John A. Mundell, Mundell & Associates, Inc., 429 East Vermont Street, Suite 200, 
Indianapolis, IN 46202, Tel: 317-630-9060, Fax: 317-630-9065 
 
The Indianapolis Department of Transportation's West Street Maintenance Facility is located within 400 ft 
of the White River near downtown Indianapolis.  Beneath the facility, extensive sand and gravel outwash 
deposits are present which allow rapid groundwater movement and subsequent discharge to the river.  
Detection of a release of petroleum hydrocarbons from five underground storage tanks in 1990 prompted 
a multiphase investigation of the release and documentation of the full extent of the groundwater plume 
with a comprehensive monitoring well network.  Since the detection of the release, eight years of 
groundwater monitoring data had indicated the extent of the plume had stabilized and would never reach 
the river despite significant groundwater velocities.  In addition, plume concentrations of benzene, 
toluene, ethylbenzene and xylene were shown to be over time without active remediation (other than the 
initial storage tank and associated soil removal, and limited free-product removal from monitoring well 
bailing activity).  As part of a Corrective Action Plan submittal to the Indiana Department of Environmental 
Management (IDEM), a comprehensive area groundwater flow model coupled with two-dimensional 
chemical transport modeling were used to evaluate chemical degradation rates and to predict the 
expected concentration declines as a result of the original source removal and biodegradation.   The 
modeling results demonstrated that an additional 2 to 3 years of monitoring data would confirm that 
natural attenuation was stabilizing and reducing the plume size.  IDEM accepted the approach on a trial 
basis, and groundwater quality monitoring of the site over an 11-year period has proven those predictions 
to be accurate.  IDEM awarded the site the first closure in the State of Indiana using its new Risk 
Integrated System of Closure (RISC) guidance. 
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Factors Influencing the Plugging Effect of Xanthan Solutions in Porous Media 
 
Robert A. Khachatoorian, Department of Civil and Environmental Engineering, University of Southern 
California, 3620 S. Vermont Ave., KAP 210 – MC 2531, Los Angeles, CA 90089-2531 
Tel: 213-740-0594, Fax: 213-744-1426, Email: khachato@usc.edu 
Ioana G. Petrisor, Department of Civil and Environmental Engineering, University of Southern California, 
3620 S. Vermont Ave., KAP 210 – MC 2531, Los Angeles, CA 90089-2531, Tel: 213-740-0594 
Fax: 213-744-1426, Email: petrisor@usc.edu 
Teh Fu Yen, Department of Civil and Environmental Engineering, University of Southern California, 3620 
S. Vermont Ave., KAP 210 – MC 2531, Los Angeles, CA 90089-2531, Tel:  213-740-0586 
Fax: 213-744-1426, Email: tfyen@usc.edu 
 
The plugging activity of biopolymers in different porous media is well documented. Based on such activity, 
biopolymers have important environmental applications, as barriers to block the passage of water and 
leachates in landfills or in soil stabilization. Investigating the effect of different factors influencing the 
plugging activity of biopolymers may allow the improvement of such environmental applications.In the 
present study, the effect of several factors on xanthan plugging activity in porous media was investigated. 
The factors considered here were: the type of porous media (sand, combinations of sand and clay, 
normal soil, firing range soil), the concentration of xanthan solutions (between 0.1 – 1 g/L), the cross-
linking of xanthan with different agents with or without a second biopolymer (chitosan). A pressurized 
pumping flow system was used to run the xanthan solution through the column packed with porous 
medium and, by measuring the pressure difference across the column and the effluent flow rate, the 
permeability ratio was recorded in time. Xanthan decreased the medium permeability, displaying some 
plugging activity in all the porous media and for all the concentrations tested, with or without cross-linking. 
The best plugging effect was recorded in sand for the cross-linked xanthan. Subsequently, while the 
solution concentration had only a slight influence, the type of porous media and the cross-linking seemed 
to be the main factors affecting the plugging activity of xanthan. However, if these observations could be 
extended for other biopolymers remains to be further investigated. 
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Six-Phase Heating™ Rapidly Remediates Brownfields Properties For Redevelopment 
 
Joseph A. Pezzullo, P.E, Current Environmental Solutions, P.O. Box 66, 241 Norsam Drive, Langhorne, 
PA 19047, Tel: 215-741-6123, Fax: 215-741-6124 
William O. Heath, COO, Current Environmental Solutions, Applied Process Engineering Laboratory, 350 
Hills Street, Richland, WA  99352, Tel: 509-371-0905, Fax: 509-371-0634 
Benaiah M. Jorgensen, Technical Specialist, Current Environmental Solutions, Applied Process 
Engineering Laboratory, 350 Hills Street, Richland, WA  99352, Tel: 509-371-0905, Fax: 509- 371-0634 
Christopher  J. Thomas, Operations Manager, Current Environmental Solutions, 1466 Forest Ave., Des 
Plaines, IL  60018, Tel: 847-298-2764, Fax: 847-298-2769 
 
The Six-Phase Heating™ (SPH) technology is a thermally enhanced soil vapor extraction technique that 
targets both contaminated soil and groundwater.  Polyphase electrical energy is used to resistively heat 
the soil and groundwater and contaminants are removed by direct volatilization, in situ steam stripping, 
and in-situ degradation.  SPH has successfully achieved rapid closure of Brownfields sites in the USA 
and Netherlands which have been redeveloped.  The SPH technology was deployed at a site in 
Waukeegan, Illinois to remediate 16,000 c.y. of soil containing MeCl with initial concentrations up to 
50,000 mg/kg. The 95 electrode system operated for 8 months after which confirmatory sampling showed 
that the average soil concentration was reduced to 3.5 mg/kg within a 95% statistical confidence level. 
The Waukeegan site received a “No Further Action” (NFA) letter and was subsequently redeveloped into 
flex-space and warehouse facilities.  Another site in Skokie, IL consisted of DNAPL in 23,100 c.y. of soil.  
The 107 electrode SPH system achieved the remediation targets for soil and groundwater within 130 
days. This site also received an NFA and was redeveloped into a movie theater complex and multi-story 
parking facility.  
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Constructed Wetlands for Wastewater Treatment 
 
Paul A. Pier, Tennessee Valley Authority, CEB 1C-M, PO Box 1010, Muscle Shoals, AL 35662 
Tel: 256-386-2789, Fax: 256-386-2191, Email: papier@tva.gov 
Leslie L. Behrends, Tennessee Valley Authority, CEB 1C-M, PO Box 1010, Muscle Shoals, AL 35662 Tel: 
256-386-3488, Fax: 256-386-2191, Email: llbehrends@tva.gov  
 
Constructed wetlands are natural, self-maintaining aquatic system with low operating and maintenance 
costs.  TVA has developed constructed wetlands systems to remediate a variety of contaminants, 
including metals, biological oxygen demand (BOD), ammonia, nitrate, pathogens, organics, and 
suspended solids (TSS).  This provides treatment of wastewater streams such as acid mine drainage, 
sewage, industrial wastewater, storm water, agricultural wastewater, TCE-contaminated groundwater, 
deicing compounds, and food-processing wastewater.  In addition to utilizing standard subsurface-flow 
gravel bed wetlands, TVA has developed a patented reciprocating subsurface-flow wetlands, in which two 
adjacent wetland cells configured in a serial flow-through system are alternately filled and drained by 
pumping water periodically from one cell to the other.  This provides aerobic conditions for rapid oxidation 
of organic matter, ammonia, and other reduced compounds.  Variation in the frequency, depth, and 
duration of reciprocation can be used to control a continuum of redox-specific reactions, allowing aerobic, 
anoxic, and anaerobic processes to occur in the same cell.  In addition to laboratory- and greenhouse-
scale experiments at TVA’s constructed wetlands research facility in Muscle Shoals, Alabama, TVA has 
conducted ten on-site full-scale field demonstrations to assess wetlands systems incorporating 
reciprocating wetlands.  Two case studies are presented.  A demonstration on Oahu, Hawaii, consisted of 
a solids settling tank, two reciprocating cells for BOD and ammonia removal, and a final anoxic cell for 
nitrate removal.  This 0.6 acre system treated 60,000 gallons/day (gpd) of domestic wastewater.  Average 
influent concentrations of 23 mg/L NH4-N, 125 mg/L BOD5, and 54 mg/L TSS were reduced to 1-2 mg/L 
NH4-N, less than 1 mg/L NO3-N and BOD5, and 2-4 mg/L TSS in the effluent.  A 0.8 acre reciprocating 
wetlands is being used to treat up to 56,000 gpd of high-strength anaerobic lagoon wastewater from a 
commercial-scale confined swine feeding operation near Aliceville, Alabama.  Influent concentrations of 
371 mg/L NH4-N and 521 mg/L BOD5 were reduced by 86% and 78%, respectively.  
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Fast Track Design and Construction of an Enhanced LNAPL Recovery Trench 
 
Cindy DiSante, CH2M HILL, 25 New Chardon Street, Suite 500, Boston, MA 02114-4774, Tel: 617-523-
2002 x235, Fax: 617-723-9036 
Jessica Raphael, P.E., CH2M HILL, 3011 West Grand Blvd., Suite 2500, Fisher Building, Detroit, MI, 
48202-3030, Tel: 313-871-5123 x252, Fax: 414-454-8874 
James F. Strunk, Jr., P.E., CH2M HILL, 99 Cherry Hill Road, Suite 200, Parsippany, NJ, 07054-1102, Tel: 
973-316-0159 x4539, Fax: 703-796-6261 
 
CH2M HILL was hired to perform an accelerated cleanup and closure of a chemical manufacturing plant 
in New Jersey.  Manufacturing operations date back to 1945, and the site is impacted with dissolved 
phase volatile organic compounds (VOCs), including light non-aqueous phase liquids (LNAPL) and 
possible dense non-aqueous phase liquids (DNAPL) in soil and groundwater.  The goal was to prepare 
the site for redevelopment within 5 years, while proactively managing long-term risk, public relations and 
regulatory issues.  The site operated two (2) perimeter total fluids vacuum extraction systems that needed 
to be enhanced to more rapidly remove the LNAPL that existed in centralized areas of the facility.  A dual 
phase recovery trench was selected as the simplest technology that could be installed as a Design-Build 
system to remove groundwater, separately remove LNAPL, and preplace SVE piping to allow remediation 
of smear zone soils within and without the trench.  The trench was installed during a major site 
investigation, relocation of existing remedial systems, and while the facility buildings and operations were 
being decommissioned and demolished.  This presentation will describe the design/construction cost 
savings, minimal design and field construction of the system, the use of a biopolymer slurry for control of 
odors and construction without trench boxes, and the subsequent startup and optimization.  
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A Man-Made Ecosystem and Polluted Soils Detoxification 
 
R.Revazyan, E.Safrazbekian, A.Sakoyan, The Center for Ecological-Noosphere Studies of NAS RA, 
375025 Abovian Street, Yerevan, RA,  Tel.: (374-1) 56-93-19, Fax: (374-1) 58-02-54   
 
Nowadays, investigations conducted in  man-made ecosystems are acquiring an increasing value due to 
the disturbance of natural course of migration of elements and soil  pollution that exceeds manifold clark 
concentrations. To detoxify polluted soils, a series of model experiments was performed applying natural 
sorbents. As and Cu sorption and desorption were investigated, duration of composting: 10, 30 and 90 
days.As an extragent for extracting As and Cu mobile compounds 1n.  CH3COONH4  was chosen; to 
displace elements from unchangeable and firmly bonded forms 2n. and 5n. NCL were used respectively. 
The level of detoxification - transformation of mobile forms to unchangeable and firmly bonded was 
determined by the difference between concentration of initial and after-experiment solutions. The dose of 
applied reagents in experiments varied from 0,5 to 2% of soil weight. As the results obtained show, a 
complex application of reagents exerts the influence upon transformation of different forms of As and Cu 
in soil.  As and Cu desorption from soils by different extragents  widely varied (9 - 85%) and the increase 
in capacity of sorbent absorption caused the decrease in the amount of displaced As and Cu (correlation 
coefficient – 0,87±/0,09 and 0,93±0,08). After 90 days the quantity of changeable As and Cu in soil 
decreased 3,0-28 times respectively vs. the initial one, resulting in  considerable lowering of their 
migration mobility,  this being mainly associated with  metals transformation to unchangeable and firmly 
bonded states. Thus, knowing correlation criteria of different forms of As and Cu and other metals in soils 
allows to predict both the direction in which soil factor should act and the effect of reagent application on 
the change of  correlation. 
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Remedial Actions in Response to a Kerosene Release Impacting a Wetland 
 
Steven W. Rumba, LSP, RLS, B.S. Geology, Web Engineering Associates, Inc., 106 Longwater Drive, 
Norwell, MA  02061, Tel: 781-878-7766, Email:  Steve.Rumba@web-engr.com 
William E. Baird, LSP, PE, B.S. Mechanical Engineering, MBA, Web Engineering Associates, Inc., 106 
Longwater Drive, Norwell, MA  02061, Tel: 781-878-7766, Email: Bill.Baird@web-engr.com 
 
Web Engineering Associates, Inc. (Web Engineering) has conducted remedial actions in response to a 
release of an estimated 50,000 gallons (189,250 liters) of kerosene at a mobile home park in Halifax, 
Massachusetts.  The release originated from a leak in an underground distribution line used to supply 
kerosene to the mobile homes for heating purposes.  Separate phase kerosene had migrated laterally 
approximately 500 feet to a wetland area, where breakout was initially reported in August 1991.  At the 
time of discovery, severely stressed vegetation and numerous dead trees were observed in the impacted 
portion of the wetland and an odor of kerosene permeated the area.   
 
Remedial actions were designed with the following objectives: to recover the separate phase kerosene in 
order to prevent any impact on down gradient receptors and any further impact on the wetland area; 
reduce the levels of dissolved groundwater contamination; and to degrade the petroleum hydrocarbons in 
the wetland sediments in a manner that would not cause significant damage to the surrounding wetland 
ecology.  The remedial actions included the operation of a groundwater treatment / product recovery 
system and in situ bioremediation.   
 
The results of recent assessment work indicate that nearly all non-aqueous phase liquid (NAPL) has been 
recovered from the upgradient portion of the site and all NAPL has been recovered from the wetland 
area.  In addition, contaminant levels in the wetland soils, subsurface soils, and groundwater have been 
significantly reduced.  A two-year study of the wetland vegetation by an independent Professional 
Wetland Scientist has concluded that the remedial actions at the site had resulted in a full recovery of the 
wetland vegetation.   
 
These results have been achieved with minimal impact on the wetland itself.  The recovery of the wetland 
vegetation required no excavation of wetland soils and therefore, required no wetland replication. 
Continuation of the bio-treatment is on going with a goal of degrading the residual contaminants in the 
wetland soils, subsurface soils, and groundwater to levels that no longer pose any significant risk. 
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Adaptive Use of a Medical Oxygen Generator for Remediation of a Petroleum Release Site  
 
Brian Connaughton and Irwin Silverstein, Hydro-Environmental Technologies, Inc., 54 Nonset Path, 
Acton, Ma 01720, Tel: 800-347-4384, Fax: 978-635-0980  
 
After initial product recovery actions at the source area, a pressure swing adsorber (PSA) was 
engineered to inject pure oxygen at a rate of 0.2 cubic feet per minute into a drinking water supply zone 
aquifer to facilitate the biodegradation of dissolved phase petroleum constituents at a 2.5-acre site. The 
remediation design incorporated a 4-inch diameter injection well at the source area, a diffuser, pressure 
tubing, and placement of the PSA within a storage room of a small commercial business. The use of this 
technology simplified the establishment and maintenance of aerobic conditions by avoiding the use of 
remedial additives or compressed gas cylinders.  Implementation and operation of the remediation 
system began in June 2002 with no interruption or disruption in building use.  Within a month of system 
startup, dissolved oxygen concentrations measured in the wells reached a minimum concentration of 0.5 
milligrams per liter.  This minimal level has been maintained throughout system operation as dissolved 
oxygen concentrations are routinely monitored. Groundwater sampling was conducted in 10 wells during 
September and November 2002, and drinking water quality has been achieved in all but 3 near-source 
area wells for extractable and volatile hydrocarbon fractions, 4 polycyclic aromatic hydrocarbons, and 
benzene, toluene, ethylbenzene, and xylenes. The reduction in these constituents has varied from 65 
percent to 95 percent at the source area, and the contaminant plume has decreased in extent.  
Qualitatively, odors are no longer detectable in monitoring wells installed beneath the building.  Three 
additional groundwater sampling rounds are planned, with site closure anticipated by the end of the year 
2003.   
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An Overview of Continuous and Amorphous Pores Surfaces (CAPS) Ceramic as a Pollution Treatment 
Technology 
 
Ismail Tabtabai, Filton International Co., 3-1-48 Kashiwaza, 422 Park-Ageo Ichibankan, Ageo, Saitama 
362-0075, Japan, Tel: +81-9053349527, Fax: +81-487739211 
Marzouq I. Buarki, Kuwait Petroleum Corp., P.O. Box 26565, Safat 13126, Kuwait, Tel: +965-2434523 
Fax: +965-2401954 
 
CAPS Ceramic is a natural clay based material uniquely manufactured to possess certain physical 
properties. Twenty years ago, when CAPS was just patented in Japan under the commercial name 
"Filton", it was mainly used as an oil absorbent and soil conditioning media. Since then, many derivatives 
of the original basic CAPS  (B-CAPS) were developed and utilized to mitigate the most hard hazardous 
pollutants of the current time, i.e. Permanent Organic Pollutants (POPs), through commercial and pilot-
plant installations in Japan and the Middle East  
region with successful and encouraging results. Using a simple engineered process, CAPS was able to 
treat many types of industrial effluent water, toxic fumes, and gases from various types of industries, i.e. 
plating, steel mills, dairy, food processing, textile, electronic microprocessor, desalination, and 
upstream/downstream oil industries. These effluents and gases include many types of pollutants such as 
PCBs, Dioxins, Sulfides, Ammonia, and the many different  
classes and derivatives of Hydrocarbons. This paper will present collected data for the various types of 
pollutants and effluents mentioned above along with treatment process description and treatment results. 
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The Role of Turning for Effective Inactivation and Optimal Composting 
 
L.D.Trung, Osaka University, 2-1 Yamadaoka, Suita, Osaka 565-0871, Japan, Tel: 81-6-6879-767 
Fax: 81-6-6879-7674 
M. Tateda, Toyama Prefectural University, 5180 Kurokawa, Kosugi, Imizu, Toyama 939-0398, Japan  
Tel: 81-766-56-7500 (ext. 706), Fax: 81-766-56-7804 
M. Ike, Osaka University, 2-1 Yamadaoka, Suita, Osaka 565-0871, Japan, Tel: 81-6-6879-7673 
Fax: 81-6-6879-7674 
M. Fujita, Osaka University, 2-1 Yamadaoka, Suita, Osaka 565-0871, Japan, Tel: 81-6-6879-7672 
Fax: 81-6-6879-7674 
 
In-vessel composting has been recognized as an effective treatment processes for organic solid waste.  
This type of composting, however, has a crucial drawback in that its temperature in the compost pile is 
not uniform, due to its characteristic structure resembling the aerated static pile process.  This drawback 
is a result of no-turning and may limit the effectiveness of pathogen inactivation and stabilization of 
composting.  In this study, experiments were performed with a sewage sludge using a 600 l in-vessel 
aerated static pile composting system during a two-year period.  Fifteen batch runs were operated to 
determine the distributions of temperature throughout the pile in order to assess the proportion of the 
composting materials that were exposed to the lethal and sublethal temperature conditions during 
composting.  These data were used for the selection of operation procedure of pile turning indispensable 
to achieve optimal process performance.  Effects and interactions of several main factors such as 
aeration and moisture content on the evolutions of the process temperature were also investigated.  The 
data indicated that approximately 67% of the amount of the material was composted in the lethal 
temperature zone (>=60oC) for most of the runs, and about 33% remained in the low temperature zone 
(<60oC).  Effects of aeration and heat evaporation led to high rates of moisture removal from the 
composting material.  Rapid reduction of moisture to a level < 40 % resulted in a significant reduction in 
biodegradation rate, thereby causing low temperature zones in the pile.  This study suggested that proper 
turning could be applied satisfactorily for future composting processes. 
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Crude Oil Remediation in Tropical Forests 
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Gouda, Netherlands, Tel: +31-182540690, Fax: +31-182540691 
 
A project funded by the Centre for Soil Quality Management and Knowledge Transfer.  
 
The project investigated the parallels and differences between investigative techniques (vegetation 
studies, sampling for physico-chemical parameters, nutrients, bacteria and nematodes and oil 
characterisation) to evaluate and implement remedial action in cases of soil contamination by crude oil in 
tropical forest in Gabon and Nigeria. The evaluation of these techniques learns that the systematical 
combination of information collected during field visits, fieldwork and literature survey with the vegetation 
survey using the PQ-method, and the physico-chemical parameters in a conceptual model f provides a 
good insight in crude oil behaviour in tropical forest.  The potentially promising interpretation of the 
nematode enumeration has not yet been successful in this research. Insufficient knowledge is available 
on the nematodes in tropical forest soils.  The enumeration of bacteria is considered useless in this type 
of investigations. The project lead to the development of an investigative strategy, based on the use of a 
conceptual model where hypotheses were postulated and tested. This provides a basic understanding of 
the processes involved in the tropical forest that has a direct implication for plan for emergency response 
and remedial action.  The major conclusion of this project is that oil degrades fast in tropical forest, and if 
it does not, there is a reason, e.g. a trap outside the active system of oil degradation. Finding this cause is 
the key to efficient and low cost soil remediation, often based on simple interventions that help the tropical 
forest ecosystem to cope with the oil. A more than standard, multidisciplinary approach to the 
investigative strategy in tropical forests is required to achieve this. In Gabon, the key to the remedial 
action will be on-site stimulation and stabilisation using vegetative covers (phytoremediation). A low 
profile, long-term approach, making selective and deliberate use of natural resources, with a maximum 
input of local labour is proposed. In Nigeria, the key to efficient remediation is mixing and biological 
breakdown, which prevents further spreading to area's of low biological activity. 
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Remediation of Diesel Oil-Contaminated Soil using a Two-Liquid Phase (TLP) System 
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Soil contamination by diesel oil raises a serious environmental threat. Diesel oil is the complex mixture 
composed of straight and branched alkanes, cycloalkanes, monoaromatics, and polyaromatics. Although 
the content of polyaromatics in diesel oil is low, they are potentially carcinogenic and genotoxic. Due to 
little polyaromatics and complexity of diesel oil, soil contaminated by diesel oil is difficult to treat using 
common remediation technologies. Two-liquid phase (TLP) system can remove pollutants from 
contaminated soil using the water-immiscible liquid which can dissolve much more hydrophobic 
compounds than surfactants. In this study, the feasibility of TLP system for the remediation of soil 
contaminated by diesel oil was investigated. As the soil/water ratios increased, the removal of aliphatics 
from soil did not affect the soil/water ratios, while that of aromatics increased with the soil/water ratio. On 
the concerning of temperature, the increase of temperature enhanced the removal of aliphatics because 
of increase in mobility of aliphatics, while did not affect that of aromatic compounds. As mixing speed 
increased, the removal of aliphatic and aromatic compounds increased because rapid mixing caused to 
enhance mass transfer of pollutants from soil to water-immiscible liquid. As a result, > 90% of diesel oil 
was removed from soil using the TLP system. A TLP system can be a good alternative for the remediation 
of diesel oil-contaminated soil. 
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Free Product Removal – Active Skimming System, Naval Station San Diego 
 
Kent Weingardt, Chemical Engineer, Foster Wheeler Environmental Corporation, 1230 Columbia Street, 
Suite 500, San Diego, CA 92101, Tel: 619-234-8696, Fax: 619-234-8591, Email: kweingardt@fwenc.com 
Corey Young, Environmental Engineer, Foster Wheeler Environmental Corporation, 1230 Columbia 
Street, Suite 500, San Diego, CA 92101, Tel: 619-234-8696, Fax: 619-234-8591, Email: 
cyoung@fwenc.com  
Michael Corry, Environmental Engineer, Southwest Division, Naval Facilities Engineering Command, 
Code 5SEN.MC, 1220 Pacific Highway, San Diego, CA 92132, Tel: 619-556-9904, Fax: 619-556-8929, 
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An active skimming system was designed and installed at Naval Station San Diego to remove free phase 
petroleum (gasoline and diesel) floating on the groundwater table as a result of a former leaking 
underground storage tank (UST).  The system utilizes five skimming pumps installed in pre-existing 
groundwater monitoring wells located within the free product plume.  These pneumatically powered 
pumps preferentially remove only floating product and no water. The pneumatic supply lines, as well as 
the pump discharge line (for the recovered product), run in an underground trench that connects to a 
centrally located treatment pad, where the product is collected in a 250-gallon tank. In 12 months of 
operation, the system has recovered over 600 gallons of free product. 
 
This low impact, unobtrusive and quiet remediation system addresses the challenges associated with the 
site’s use and location, as described below: 
 
¾ Noise Pollution – Since the system was being installed adjacent to the Navy Lodge, compressed 
nitrogen gas was chosen to drive the pumps as opposed to the conventional air compressor.  
Nitrogen gas cylinders are readily available and are supplied and recharged very inexpensively.   
¾ Waste Minimization – The skimming pumps only remove product (no water), therefore no waste is 
generated because the collected product is suitable for disposition at a fuel blending facility for 
eventual re-use.  
¾ Energy Consumption – Since the pumps are powered by compressed nitrogen gas from cylinders 
and the control system runs off of solar power, an external energy source was not needed.  This 
saved the Navy money both in installation and operation costs. 
¾ Visually Unobtrusive and Aesthetically Pleasing – The wells and manifold piping are completely below 
ground surface under asphalt pavement and do not interfere with the parking and traffic.  The well 
boxes were flush mounted and the small treatment pad was enclosed in cedar fencing.  Considering 
its location in front of the newly upgraded Navy Lodge, the system blends in nicely. In addition, the 
tank is vented through a 55-gallon granular activated carbon (GAC) vessel to control any off-gas 
odors. 
¾ Cost – It is estimated that the life cycle cost of this system will be at least $300,000 less than the 
system originally proposed for the site, which included a much larger vapor extraction system.  The 
system only requires a brief daily check to be compliant with product storage requirements. 
Deleted: ¶
Comment [MC1]: “All of” is a 
limiting statement.  It makes the 
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not, and will never be more challenges at 
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Treatment  of Groundwater  by Nanofiltration to Provide Drinking Water for Small Communities 
 
Darwish I. Yousef, Benyamin I. Yousef and Robin I. Yousef, Yousef Office for Science and Engineering, 
P.O. Box: 11159-Aleppo –Syria, Tel: +963 21 4604149, Fax: +963 21 2233674 
 
Owing to the great lack of the surface water resources in The Middle East, the vast majority of the 
domestic, agricultural, and industrial activities  depend on the groundwater. However , a considerable 
ratio is unsable  either  due to their naturally hardness and  high content of sulfate, or to its pollution in 
last years by domestic, agricultural, and industrial wastewater due to the abcent of the pollution-controll 
regulations. 
 
Thus, there is a vital necessity to that groundwater to provide drinkable water for small communities. 
However,  when   selecting the treatment technique the situation of that communities must be considered. 
From that point of view, nanofiltration is selected as a high efficiency process to provide potable water for 
small community since it has the following advantages : 
 
• Traditionally, partially  demineralization  and color removal required expensive chemical treatment 
, a particular problem  in rural areas , where no qualified staff could be found to do this procedures. 
Nanofiltration produce  that treatment, while at the same time removing bacteria and viruses present, 
without using added chemical for treatment.  
 
•   Nanofiltration, unlike most conventional water treatment systems which require regular 
maintenance and cleaning, require minimal supervision, resulting in cost - effective  operation in 
isolated areas, as the membrane technology does not require adjustment in the event of a change in 
feed water quality .  
 
• Nanofiltration has lower energy requirements than reverse osmosis and evaporation. 
 
 
A laboratory nanofiltration system was tested in the Department of Environmental Engineering, Facultiy of 
Civil Engineering, Unversity of Aleppo, as a PhD research. The research gives a very promising results in 
terms of feaseability and performance.  
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Study on Washing up Diesel Residue from Contaminants Loess Soil Using Anionic and Cationic 
Surfactant Solutions 
 
Kun Zhu, School of Environmental Science and Engineering, Lanzhou Railway University, Lanzhou, 
Gansu 730070, PR China, Tel: 86-931-4938257, Email: kun@mail.lzri.edu.cn 
Jiantao Yang, School of Environmental Science and Engineering, Lanzhou Railway University, Lanzhou, 
Gansu 730070, The People’s Republic of .China 
 
The removal possibility of diesel from contaminated loess soil by washing-up approach with the surfactant 
solutions was investigated in laboratory. The anionic surfactant – Sodium dodecyl benzene sulfonat (LAS) 
and Sodium Dodesylsulfate (SDS), and cationic surfactant – Cetyltrimethyl ammonium bromide (TCAB) 
were tested for enhancing desorption from the contaminated loess soil. The removal rate of diesel residue 
in the contaminated loess soil was up to 20% at a range of anionic surfactant concentrations from 0.1% to 
1%, but the removal efficiency was not obvious by using cationic surfactant. The values of logKm of LAS 
and SDS was calculated to be 4.552 and 3.630 respectively based on the value of molar solubilization 
ratio (MSR), which was almost identical to the theoretical value. The results showed that the value of 
MSR of LAS was higher than that of SDS. 
 
 
 
 258
Arsenic Poster Session 
 
Arsenic Risk to Residents – An Understanding for Spring Valley, DC  
Steven H. Lamm, MD   Consultants in Epidemiology and Occupational Health, Inc. 
Washington, DC,  
 
Arsenic: A Potential Toxic Metal In Urban Soils Under High Traffic Pressure  
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Arsenic in Soil and CCA Treated Wood by Field Portable X-ray Fluorescence 
David Mercuro, NITON LLC, Billerica, MA 
Debbie Schatzlein, NITON LLC, Billerica, MA 
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Removal of Arsenic from Contaminated Water Using Alkali Fly Ash Permeable Reactive Barrier 
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Arsenic Risk to Residents – An Understanding for Spring Valley, DC  
 
Steven H. Lamm, MD   Consultants in Epidemiology and Occupational Health, Inc. 
Washington, DC, Tel: 202-333-2364 
 
Background: Spring Valley in Washington, DC was the site for ordinance development and testing for 
the US Army before and during World War I.  Subsequently, both American University and a high-end 
residential area have developed there.  Both arsenic has now been found at levels of 20-400 ppm, and 
community members are anxious. 
 
Methods and Materials:  A review of the world’s literature on arsenic and adverse human health effects 
has been undertaken.  The results have been separated out by disease of concern – organ pathology, 
cancers, and reproductive risk.  Information has been presented with respect to arsenic exposure levels 
for which adverse effects are known.  These dosages have been compared with estimated exposure 
levels from the local contamination using standard toxicological data and local data. 
 
Results:  Information to the community has been developed that places potential risk into context.  
Variation in risk estimates relate to underlying assumptions rather than to fundamental data.  The major 
sources of risk presentation to the community came from risk assessments that defaulted to linearity 
without examining the underlying data and from failure to consider bio-availability as a modifying factor for 
exposure. 
 
Conclusion:  Community risk analyses are of greater help when they flag the policy assumptions that fail 
to take knowledge into consideration.  Fuller knowledge provided the community the opportunity to focus 
remediation and prioritize. 
   
 260
Arsenic: A Potential Toxic Metal In Urban Soils Under High Traffic Pressure  
 
Gebhard B. Luilo, University of Dar es Salaam, C/o Department of Chemistry, PO Box 35061, Dar es 
Salaam, Tanzania, Tel: +255-744-587546, Fax: +255-22-2410038 
Othman C. Othman and Faustin N. Ngassapa, University of Dar es Salaam, Department of Chemistry, 
PO Box 35061, Dar es Salaam, Tanzania, Tel: +255-22-2410038, Fax: +255-22-2410038  
 
Urban soils are vulnerable to traffic-induced toxic metal pollution particularly lead. However, little attention 
has been given to arsenic. Reports from ATSDR, 1989 and US-EPA, 2000 pointed out arsenic is present 
in fossil fuels in trace amounts. Increasing motor traffic in urban areas may be a source of arsenic in cities 
and along highways. This study, therefore, aimed at determining the levels of arsenic in roadside soils in 
the Dar es Salaam City. Soil samples were collected at a depth of 0 – 5 cm from the roadside soils at 
distances of 1, 5, 15, 35, 50, and 150 m from the road edges and control samples were obtained at 1000 
m off the highway. Thirty composite soil samples were analyzed for arsenic by AAS (model AAnalyst 
300). The results showed that soils were contaminated with arsenic and its levels ranged from 0.03 - 0.65 
ppm. The amount of arsenic in the soil decreased exponentially with increasing distance up to 35 m 
distance from the road edge. Arsenic levels in the soils varied significantly among the study sites (F = 
4.140, p = 0.0096). Pearson rank correlation indicated that arsenic in the roadside soils is related to traffic 
density (r2 = 0.4729) and the low correlation value is attributed to of sandy texture of the soils for which 
arsenic may not be found in large amounts at the surface soils... In conclusion this study is that arsenic, 
to some extent, owes its source from the passing motor vehicles and therefore we call upon detailed 
investigation of arsenic pollution of urban environment in high traffic towns and cities. 
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Arsenic in Soil and CCA Treated Wood by Field Portable X-ray Fluorescence 
 
David Mercuro, Debbie Schatzlein, and Volker Thomsen, NITON LLC, 900 Middlesex Turnpike, Bldg. 8, 
Billerica, MA 01821, Tel: 800-875-1578, Fax: 978-670-7422 
 
In recent years, issues surrounding the use of chromated copper arsenate (CCA) preservative chemical 
have increased. There are concerns of possible As leaching into soil both during the lumber’s in-use life 
and when the wood is eventually disposed of in un-lined landfills.  This leaching could cause an increase 
of arsenic in topsoil, which would be a major concern to the health of children and adults.  This potential 
hazard has led treatment manufacturers to voluntarily stop producing CCA as of the end of 2003, and to 
begin using alternative wood preservatives.   
 
X-ray Fluorescence (XRF) has been a widely accepted means of analyzing the preservative content of 
wood by treatment plants for many years.  CCA is the most widely used wood preservative for decks, 
playgrounds and exterior housing structures and its analysis in wood is straightforward by XRF.  
However, data generated has also shown that XRF, and more specifically field-portable XRF (FPXRF), 
has the ability to analyze low levels (ppm) of arsenic in soil as well.  Therefore FPXRF is the complete 
package for CCA measurement. It can be used to monitor proper treatment of wood, sort treated and 
untreated wood at a construction and demolition landfill, and screen for arsenic leaching in soil.   
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Removal of Arsenic from Contaminated Water Using Alkali Fly Ash Permeable Reactive Barrier 
(AFA-PRB) Material 
 
Hossein Rostami, Philadelphia University, Henry Ave. and School House Lane, Philadelphia, PA  19144, 
Tel: 215-951-2877, Fax: 215-951-6812, Email:  rostamih@philau.edu 
William Brendley, Philadelphia University, Email: brendleyw@philau.edu 
 
Over the past 15 years, about one half million sites with potential contamination have been reported to 
federal or state authorities.  Of these, about 217,000 sites still need remediation  and new contaminated 
sites continue to appear each year.  The most common type of contaminants are metals, solvents and 
petroleum products.  Heavy metals are present in two thirds of Department of Defense (DOD) and 
superfund sites and about 50% of Department of Energy (DOE) and Resource Conservation and 
Recovery Act (RCRA) sites.   
 
AFA-PRB material was used to remove arsenic from contamination water.  Fly ash from three different 
sources were used to produce reactive barrier of different permeability.  AFA-PRB materials with 
permeability 10-2 cm/sec to 10-1 cm/sec were created.  For reactive barrier material, permeability must be 
rapid in the range of 10-2 to 10-1 cm/sec.  AFA - PRB from three ash sources with permeability of 
approximately 10-1 were produced and crushed into pelletized form.  Effectiveness of the various barriers 
were determined by batch and column tests .  Laboratory experiment indicates arsenic ion reduces from 
1000 ppm to less than 2 ppm with 7 liters of solution and arsenic in valent from 10 ppm to less than 1 
ppm.  Analyses were performed by Atomic adsorption techniques. 
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Arsenic Speciation in the Tailings Impoundment of a Gold Recovery Plant in Siberia 
 
Olga V. Shuvaeva, Institute of Inorganic Chemistry, RAS, SB, Ac.Lavrentyev, 3, Novosibirsk 630090, Russia  
Elena V. Lazareva United Institute of Geology, Geophysics and Mineralogy, RAS SB, Ac.Koptug, 3,Novosibirsk 
630090, Russia 
 
It is known that arsenic is one of the most dangerous elements in terms of its potential impacts to both to 
human and ecosystem health. The recovery of gold from ores containing arsenopyrite releases significant 
amounts of arsenic into the environment. The objectives of the present investigation were to:  (1) 
document the distribution of arsenic in the solid waste-materials of a tailings impoundment; (2) determine 
the chemical speciation of arsenic in its sediments and waters; and (3) examine the nature of arsenic 
transformations in the tailings impoundment. 
 
This study focuses on the Komsomolsk tailings impoundment located in the Kemerovo region of 
southwestern Siberia. The primary sulphide minerals involved in the cyanidation of these particular ores 
include arsenopyrite, pyrite, pyrrotite and others. Analytical procedures consisted of field experiments, 
total arsenic determination in waters and sediments and arsenic speciation in surface and pore waters 
using the combination of microcolumn HPLC with ETA AAS detection. Arsenic speciation in sediment 
cores was done using the sequential leaching procedure with our own modifications. 
 
There is an arsenic enrichment in the pore waters with respect to the surface waters in the gold recovery 
tailings dams. During the storage of the waste materials arsenic is redistributed between solid and 
dissolved phases and arsenic content in pore waters may become very high (about 1700 μg/L).  It has 
been established that the primary form of arsenic in the sediments is the mineral arsenopyrite. Only a 
very small amount of arsenic dissolves during ore processing. The arsenic release from the sediment 
results from a reductive dissolution of the arsenopyrite and Fe oxides. In the surface water, arsenate and 
arsenite are the main arsenic species (arsenate is dominant), but in the pore waters methylation 
processes play a significant role. Arsenic transport is accompanied by their transformation into the less 
toxic compounds (methylated species) co-existing with the most toxic species (arsenite). The main 
secondary forms of arsenic in the sediments of the impoundment (more than 20% of the total content) are 
associated with iron hydroxides. 
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Background Study of Elevated Arsenic in Soil at a Rhode Island Site 
 
Stephen Zemba, Edmund Crouch, and Shailesh Sahay, Cambridge Environmental Inc., 58 Charles 
Street, Cambridge, MA  02141, Tel: 617-225-0810, Fax: 617-225-0813 
Eirlys Vanderhoff and Ambrose Donovan, McPhail Associates, 30 Norfolk Street, Cambridge, MA  02139 
Tel: 617-868-1420, Fax: 617-868-1423 
 
Arsenic concentrations in soils at a residential property in Newport, Rhode Island, were found to exceed 
both statewide background levels and remediation criteria.   Arithmetic mean arsenic concentrations of 
12.0 mg/kg and 11.7 mg/kg in site and background soils, respectively, are both about four times greater 
than a background level of 2.7 mg/kg published by the Rhode Island Department of Environmental 
Management (DEM).  A risk-based concentration of 0.4 mg/kg of arsenic in soil is necessary to meet the 
DEM’s incremental cancer risk target of 1x10-6.  Given the similarity of arsenic concentrations in site and 
background soils and a lack of evidence of any anthropogenic releases of arsenic to soils, a background 
study was undertaken to gauge whether concentrations of arsenic at the site are likely due to natural 
background conditions.  The study implemented the DEM’s “Guidance for Arsenic in Soil,” and was based 
on measured arsenic concentrations in 20 soil samples from the site and 21 soil samples determined by 
site investigators to represent background conditions.  The mean arsenic concentrations in both site and 
background soils were found to be statistically similar, but the distributions of on- and off-site data 
differed, possibly due to land development patterns.  Specifically, site soils are expected to have been 
mixed to a greater degree than background soils due to extensive excavation and regrading of the site.  
Presentation of the background study will focus on site history, the implementation and implication of 
DEM’s arsenic policy, the statistical analyses used to compare site and background data, and technical 
and regulatory conclusions that have been reached based on the site investigation. 
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Bioindicators of Environmental Health: Concepts and Application 
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Using Microarrays to Determine Genetic Biomarkers in Largemouth Bass Exposed to Environmental 
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Patrick Larkin , EcoArray, Alachua, FL  
Tara Sabo-Attwood, Interdisciplinary Program in Pharmacology and Therapeutics, University of Florida, 
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G. M. Rand, Florida International University, N. Miami, FL  
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Reliability of Numerical Sediment Quality Benchmarks Compared to Sediment Characterization Data as 
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Ann B. Shortelle, MACTEC Engineering and Consulting, Inc., Gainesville FL 
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Ligninolytic Enzymes and Phytotoxic Effects Following Growth of Strains of Pleurotus in  MWI Fly Ash 
Contaminated With PCDD/Fs. 
 
M. F. Dos Reis – Gorny and L.R. Durrant, Food Science Department, Food Engineering Faculty, 
Campinas State University,  Campinas-SP, Brazil. 
 
Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/Fs) are produced by 
incineration processes and as by-products during chemical reactions. These compounds have high 
toxicity and genotoxic potential. The purpose of this work was to determine the production of ligninolytic 
enzymes by three Pleurotus strains, following their growth in medium containing PCDD/Fs and also to 
evaluate the toxicity produced. The fungi were inoculated in Erlenmeyer’s flasks containing 50 mL of 
medium composed by  minerals, thiamin and yeast extract. On the third day of growth, 2.5 g; 3.5 g or 
12.5 g of MWI fly ashes having  high concentrations of PCDD/Fs, were added and the culture flasks were 
sealed and oxygenated. Following seven days samples consisting of the whole flasks were collected and 
then after each seven days, up to 42 days. Oxygenation was also carried out every seven days. The 
supernatants were collected and used for the determination of lignin- and manganese-peroxidases (LiP 
and MnP), and laccase, and also for toxicity levels. Control samples consisting of uninoculated flasks 
were also run and triplicates were used for each assay. Enzyme activities were determined by 
spectrophotometric assays. The toxicity levels were determined using a bioassay employing lettuce 
seeds. Results were expressed as % of phytotoxic effect: [(lengths of roots after growth in water – length 
of roots after growth on tested compound)x100/ lengths of roots after growth in water]. 
 
No fungal growth was observed when 12.5 g of fly ashes were added. When 2.5 g were used, low levels 
of LiP, Lacase e MnP, were detected, regardless of the strain. When Pleurotus sp. BCCB 068 was grown 
in medium containing 3.5 g of ashes, high lacase activities (20U/L), was detected up to the 7th day. Lower 
activities were observed for P. sajor caju 020 (2.5 U/L – 14th).  MnP was produced by all fungi in all the 
days in which it was assayed. The highest  MnP activities were  detected on the 28th  day for P. BCCB 
068 (20 U/L), P. sajor caju 020 (15/U/L) e  P. tailandia (10 U/L). Pleurotus BCCB 068 was the only strain 
able to produce a supernatant showing a good decrease in the phytotoxic effect, i.e., 35.90 % following 
42 days of growth. The other two strains showed no increase in the toxicity of medium, since 67.58 % and 
74.51% of phytotoxic effect were obtained for the supernatants of P. tailandia  and P. sajor caju 020, 
respectively. Our results indicate that Pleurotus sp. BCCB 068 produced metabolites, which were less 
toxic to the lettuce seeds than the other two strains, and that the higher levels of lacase and MnP 
produced by it may play an important role in the degradation of PCDD/Fs. 
 
We acknowledge FAPESP for financial support.  
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Using Microarrays to Determine Genetic Biomarkers in Largemouth Bass Exposed to Environmental 
Contaminants  
 
Patrick Larkin , EcoArray, Alachua, FL  
Tara Sabo-Attwood, Interdisciplinary Program in Pharmacology and Therapeutics, University of Florida, 
Gainesville, FL 
Kevin J. Kroll, Biotechnology Program, University of Florida, Gainesville, FL 
Nancy D. Denslow, Biotechnology Program, University of Florida, Gainesville, FL and Department of 
Biochemistry and Molecular Biology, University of Florida, Gainesville, FL 
 
The purpose of this study was to determine the specific expression profile of 132 genes, some of which 
are estrogen responsive, in largemouth bass (Micropterus salmoides) following exposure to estradiol (E2), 
or to two hormonally active compounds 4-nonylphenol (4-NP) and 1,1-dichloro-2, 2-bis (p-chlorophenyl) 
ethylene (p, p’-DDE) using microarray technology.  Gene expression profiles were also examined in livers 
of female and male largemouth bass throughout their reproductive cycle.  A custom built, targeted array 
containing many genes that are estrogen responsive, was used for the experiment.  The results of the 
exposure experiments showed that LMB exposed to E2 and 4-NP had similar, but not identical genetic 
signatures for the genes examined, some of which are known to be estrogen-responsive genes.  The 
differences suggest that 4-NP may have additional modes of action that are independent of the estrogen 
receptor.  We have also shown that exposure of male LMB to p, p’-DDE results in an increase in some 
estrogen-responsive genes.  But in female LMB, the observed changes were a down-regulation of the 
normally up-regulated estrogen responsive genes.  Other genes were also down-regulated.  For the 
seasonal study, fish were housed in outdoor holding pens and were sampled throughout the year.  As 
expected, gene expression patterns in the livers of male and female bass are different, especially for 
genes that are involved in oogenesis.  Genes that change in females include those that encode 
vitellogenin and the zona radiata proteins, among others.  The up-regulation of these genes coincided 
with the peak of plasma estradiol and peak plasma vitellogenin protein in these animals.    The results 
from these experiments suggest that gene arrays can be used in order to gain a better understanding of 
critical windows in reproduction in largemouth bass, and to assess sensitive life stages for exposure to 
various pollutants. 
 
 
 268
Hazard Assessment of Pesticides and Metals in Sediment from South Florida Canals 
 
Gary M. Rand, Florida International University, Ectoxicology & Risk Assessment, 3000 N.E. 151st Street, 
N. Miami, FL 33181, Tel: 305-919-5869, Fax: 305-919-5887 
John F. Carriger, Florida International University, Ectoxicology & Risk Assessment, 3000 N.E. 151st 
Street, N. Miami, FL 33181, Tel: 305-919-5869, Fax: 305-919-5887 
 
A lower tier hazard assessment of pesticides and metals in sediment of South Florida canals 
was conducted for background information about compounds and canal sites that may be of 
potential risk to aquatic organisms.  Later tier work included a probabilistic risk assessment for 
sites and compounds of concern.  In this second tier, chemicals were assessed both singly and 
as mixtures utilizing the msPAF approach for concentration and response addition based on the 
compounds' toxic mode of action to benthic invertebrates.  A total of 36 sites are currently 
sampled by the South Florida Water Management District (SFWMD) for pesticide monitoring 
and over 60 pesticides and degradation products are analyzed. The SFWMD contaminant 
database was used for this assessment.  For the lower tier assessment,  sediment quality 
criteria were obtained from the National Oceanic and Atmospheric Administration NOAA) and 
Threshold Effects Levels (TELs) in sediment were used for screening benchmarks.  The 
majority of TEL exceedences came from DDT and its metabolites, DDD and DDE.  These 
violations were found in sediment from Lake Okeechobee to the Water Conservation Areas to 
the southern Everglades.  Canal sites bordering Lake Okeechobee also had violations for 
metals and organics.  Adjacent to the southern Everglades, sites on or near C-111 had more 
metal violations than any other region assessed.  Several organic compounds were found to 
have exceedences around canal structures (S-6 and S-7) near the Water Conservation Areas of 
the Northern Everglades.  Sites on or near the Caloosahatchee River had violations for metals 
and organics.  Over a dozen compounds did not have sediment quality criteria  available. 
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Reliability of Numerical Sediment Quality Benchmarks Compared to Sediment Characterization Data as 
Indicators of Suitability for Dredged Material Disposal   
 
Ann B. Shortelle, MACTEC Engineering and Consulting, Inc., Gainesville FL 
Glenn Schuster, USACE - Jacksonville District, Jacksonville FL 
Bryan Cotter, PPB Laboratories, Gainesville FL 
 
Evaluations under Section 103 of the Marine Protection, Research, and Sanctuaries Act of 1972 consider 
potential dredged material proposed for disposal in Ocean Dredged Material Disposal Sites for 
maintenance dredging projects.  The determination of suitability for ocean disposal 
is based upon physical, chemical, and biological evaluations.  Currently, a tiered testing procedure is 
used for evaluating the potential dredged material.  Our prior study concluded that for the Florida and 
Caribbean sites evaluated, no requests for open ocean disposal could have been permitted based upon 
screening criteria alone, and both false positive and false negative results were common for the metals 
evaluated.  Results from the tiered toxicity testing result in 
significantly fewer toxic responses than suggested by simple but conservative screening values.  These 
site-specific data, together with results for dredge material testing conducted in 2002, are statistically 
evaluated to extend last year's evaluation to organic constituents in 
sediments.  Results are comparable to the small subset of metals evaluated previously, and show that 
some sediment quality benchmarks for both organic and inorganic constituents are unreliable predictors 
of bulk sediment toxicity.  Thus, site-specific data enable ocean disposal 
of dredged materials with significantly more confidence that adverse impacts will not occur.   
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Bioremediation Poster Session 
 
Biodegradation of Recalcitrant Aliphatic, PAHs and PAS Compounds in Liquid Culture 
J.M. Arce-Ortega, National Polytechnic Institute,  Mexico City, Mexico 
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Comparison of Dinitrotoluene Degradation by a Mixed Culture in Aqueous Batch System  
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E. Cervantes-Gonzalez, National School of Biological Sciences, Mexico City, Mexico 
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L.R. Durrant, Campinas State University, Mexico City, Mexico 
 
Biodegradation of PAHs in Soil  by Two Deuteromycete Fungi 
A.R. Clemente, Campinas State University, Mexico City, Mexico 
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David Raymond, Adventus Remediation Technologies, Mississauga, Ontario, Canada  
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Alan Seech, Adventus Remediation Technologies, Mississauga, Ontario, Canada  
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Enhanced Aerobic Bioremediation of Petroleum Hydrocarbons using Permeox® Plus 
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Stephen B. LeFevre, URS Corporation, Clifton Park, NY  
Chuck Elmendorf, Panther Technologies, Inc., Medford, NJ 
Peter J. Palko,  Panther Technologies, Inc., Medford, NJ 
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Degradation of 4-Aminobenzene Sulphonate by a Newly Isolated Bacterial culture 
Poonam Singh, Biotechnology Laboratory, Dept of Chemistry, I.I.T, Kanpur, India 
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Norma Rojas-Avelizapa, Mexican Institute of Petroleum Mexico City, Mexico 
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The Efficacy of ORC® and HRC® for the Accelerated Natural Attenuation of Pentachlorophenol (PCP) 
Anna Willett, Regenesis, San Clemente, CA 
Stephen S. Koenigsberg, Regenesis, San Clemente, CA 
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Biodegradation of Recalcitrant Aliphatic, PAHs and PAS Compounds in Liquid Culture 
 
J.M. Arce-Ortega and N. Rojas-Avelizapa, Biotechnology and Bioengineering Department, 
Research Center and Advanced Studies, National Polytechnic Institute, Av Instituto Politecnico Nacional  
2508, Mexico City, Mexico 07360, Tel. 30036915, Fax. 30037705  
R. Rodriguez-Vazquez, Biotechnology and Bioengineering Department, Research Center and Advanced 
Studies, National Polytechnic Institute, Av Instituto Politecnico Nacional  2508, Mexico City, Mexico 
07360, Tel. 57473316, Fax. 57474305 
 
During soil remediation efforts most of the remaining and recalcitrant compounds are branched aliphatic, 
PAHs and PAS. Due to their low concentration and the lack of standards little attention have received. 
Some studies have reported the toxicity of some of them, which has been related to their water solubility, 
and particle absorption. The aim of this study was to evaluate the capability of the native microflora of a 
drilling waste-contaminated soil in liquid culture to degrade or transform such compounds. We prepared 
an enrichment culture using as inocula the native microflora of a composted soil (120,000 mg/Kg TPHs) 
and the fractions subjected to the study as sole carbon sources (aliphatic, PAH) at a concentration of 200 
mg/l. Aliphatic and PAHs fractions were obtained from the contaminated soil and PAS were prepared 
using standards since it was not possible to get enough amount from the soil. Each fraction was 
identifying by GC-MS. Three different biodegradation kinetics were prepared in flasks and at the 
appropriate time flasks were sacrificed and evaluated for CFU/ml, CO2 production and hydrocarbon 
removal by GC-FID and GC-MS. Obtained results demonstrated that branched aliphatic hydrocarbons 
were removed in an extent of 90% during the first three days of treatment which agree with the 
exponential growth phase of the microbial culture. Branched PAHs were removed at 60% during the first 
18 days remaining as recalcitrant the methyl-substituted compounds of fluorene, phenanthrene and 
anthracene. Branched PAS compounds were the most recalcitrants however, at the end of 24 days of 
incubation a total removal of 90% was observed for dibenzothiophene, 60% for methyl dibenzothiophene 
and no removal were observed for the dimethyldibenzothiophene.  It is important to point out that only a 
few microorganisms were able to degrade these recalcitrant compounds. 
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A mixed culture, enriched from nitrotoluenes-contaminated aged-soil from an ammunition plant in the 
Czech Republic, was used to study biodegradation of 2,4-dinitrotoluene (2,4-DNT) and 2,6-dinitrotoluene 
(2,6-DNT) in aqueous media under aerobic conditions. The study was conducted in shake flasks 
containing mineral salt medium with or without additional carbon and energy source. In first set of 
experiments, the medium was supplemented either with glycerol or with succinate as primary carbon and 
energy source. Two different initial DNT concentrations (5.2 and 25 mg.L-1) were used. When glycerol 
supplementation was used with 5.2 mg.L-1 initial concentrations of DNT, the results showed total 
disappearance of 2,4-DNT in 4 days and that of 2,6-DNT in 7 days. With succinate as carbon and energy 
source, total disappearance of 2,4-DNT was observed in 10 days, but the disappearance of 2,6-DNT was 
poor.  With higher initial DNT concentrations, 2,4-DNT was still removed to a higher extent than 2,6-DNT 
although the reduction in the concentration of 2,4-DNT was only 50 % after 6 days only both the carbon 
sources.. In addition, metabolite(s) also accumulated in the medium.  After six months of a selection 
pressure by DNTs, the mixed culture was able to degrade 2,6-DNT almost completely, but not 2,4-DNT. 
Also no intermediates accumulated in the medium.  When the dinitrotoluenes were used as the sole 
source of C-, N- and energy, ~ 40 % of each DNT was removed within 4 days.  However, uptake of 2,4-
DNT showed a lag phase and one unidentified intermediate accumulated in the medium. 2,6-DNT uptake 
did not show any lag-phase and no intermediate accumulated in the medium. 
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Bioremediation is one of the most cost-effective, and environmentally-friendly methods to remediate many 
different types of waste materials widely used by many private and public entities. Though the parameters 
that affect the rate of bioremediation differ for each project, some parameters can be more easily 
controlled in the field than others.  For example, effective microbial action is crucial to the success of 
bioremediation.  However, microbes can be detrimentally affected by an initial contaminant concentration 
that is too high.  In addition, the type of bulking agent or aggregate used affects the ability of the mixture 
to retain moisture, the amount of drainage, aeration and ultimately the length of time for biodegradation. 
A two-month field study was conducted in Trinidad and Tobago on crude oil contaminated 
waste.  This paper will look at the effect of two parameters, initial concentration and type of 
bulking agent, on the rate of biodegradation of Total Petroleum Hydrocarbons (TPH) in the oily 
waste being treated in this tropical environment.  A nutrient-supplying bioremediation agent was 
used to enhance the bioremediation process.  The results of this study do suggest that the 
development, operation, and maintenance of bioremediation projects require a significant 
amount of planning.  The results also suggest that the use of a bulking agent can assist in 
effective bioremediation of heavy crude oil wastes in tropical environments. 
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Non-aqueous phase liquids (NAPLs) consisting of a mixture of hydrocarbons (cutting oils and/or diesel 
fuel) and chlorinated degreasers (predominantly TCE) were released into a glacial sand aquifer from 
historical underground storage tank operations at the project site in Michigan.  The NAPL contains 
trichloroethene (TCE), 1,1,1-trichloroethane (TCA) and their associated breakdown products and also has 
a significant hydrocarbon content.   NAPL in the lower third of the aquifer appears to be the primary 
source of the aqueous-phase chlorinated solvent plume beneath the site.  The NAPL appears to have 
undergone partial biodegradation under natural conditions. Earth Tech initiated an anaerobic 
bioremediation pilot study in January 2002 to determine if NAPL biodegradation could be accelerated via 
carbon-substrate addition without the accumulation of more toxic daughter products, particularly vinyl 
chloride.  Earth Tech selected Geovation’s Substrate Release Composition (SRC), a complex blend of 
substrates in granular form, as the carbon source for the anaerobic bioremediation pilot program.  SRC 
was periodically applied into two four-inch diameter wells installed in the deep portion of the sand aquifer 
immediately upgradient of the residual NAPL zone.  Post-treatment ground-water data indicates 
preferential catabolism of TCA, which decreased by over an order of magnitude on average to non-detect 
values in the two nearby monitor wells in which it was measured prior to treatment. Relative to baseline 
conditions, TCE levels have been reduced, the proportions of cis-1,2-DCE have increased and no 
increases in vinyl chloride have been observed.  Ground-water monitoring data suggests that SRC has 
stimulated the anaerobic mineralization of the chlorinated solvents in a manner not explained by simple 
reductive dechlorination alone.  Information will be presented on the ongoing pilot study, including site-
specific conditions, SRC treatment methods and results. 
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Soil contaminated by petroleum is a pervasive problem in Mexico mainly in the Southeast (Tabasco and 
Veracruz) which has provoked a serious damage of the ecosystem. Biological treatment of hydrocarbon-
contaminated soil is considered to be a relatively low-cost and safe technology, however, exhaustive 
treatability studies must be done to find those nutritional or environmental conditions that improve 
hydrocarbon biodegradation. Another important limitation to apply biological treatments in Mexican soils is 
the high level and age of the contamination. This study examines the biological treatment technology to 
clean up petroleum-contaminated soil with special emphasis in bioaugmentation and nutrimental 
conditions. The soil used for this study was an acidic soil (pH 3) containing 220,000 mg/Kg TPHs and a 
native population of 2.0x105 CFU/g.  Previous work demonstrated that only two bacteria were involved in 
the aromatic and asphaltenic fractions in liquid culture thus its bioaugmentation was investigated. Three 
experimental sets were prepared a) C/N/P ratio of 100/11/1 and 3% of inocula b) C/N/P ratio of 100/11/1 
without inocula and c) controls HgCl2 sterilized. Microcosms were prepared in 125 mL serum bottles 
containing 25 g of soil; moisture was adjusted to 36% and incubated at 28°C during 74 days. During all 
incubation period aromatic and asphaltenic fraction removal, CO2 production, C/N and C/P ratios, 
moisture, total bacteria and pH were monitored each 7 days. The results showed that CO2 production was 
higher in those microcosms bioaugmented. Removal of aromatic and asphaltenic fractions was enhanced 
at an extent of 11% (24,200 mg TPHs/Kg) respect to those microcosms not bioaugmented during the first 
38 days of treatment. Bacteria had its growth exponential phase during the first 30 days, which correlate 
with both fraction removal. No important changes were observed for C/N ratio, moisture and pH, however 
C/P ratio increases during the first 7 days of treatment.  
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Biodegradation of Diuron and Staple by White-Rot and Soil Fungi 
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The aim of this work was to isolate fungi from soil treated with the two pesticides, Diuron and Staple 
280CS, and to screen for those strains able to degrade the highest levels of these two compounds. 
Twenty-four ligninolytic white-rot fungi were also used in the preliminary screen. A solid medium 
containing 1X, 10X or 100X of the pesticides dosages indicated for field application was used as sole 
carbon sources. Thirteen strains were selected: Pleurotus sp BCCB 507, P. sp CCB 068, P. sp. 016, 
Agaricus campestris, Phanerochaete chrysosporium ATCC 24725 and the soil isolates DP24e, DP24o, 
DRP02n, SP16a, SRP 17c, SRP17g and SRP20e. These fungi were grown in liquid medium containing 
minerals and yeast extract for three days when 25 ug/ml of Diuron or 10 ug/ml of Staple were added to 
the culture flasks and cultivation was carried out for up to14 days. Triplicate samples were collected and 
the supernatants were used for the determination of ligninolytic activities  (spectrophotometric assays) 
and  degradation (by HPLC).   
When Diuron was used the strains Pleurotus sp BCCB 507 (60.70% - 7th day), P. sp CCB 068 (80.75% - 
10th day), P. sp. 016 (58.60% - 7th day), and the soil isolates  SRP17g (65.46% - 10th day), SRP 17c 
(67.60% – 14th day) and SRP 20e (62.20% - 10th day). MnP was the predominant enzyme produced by all 
strains. 
When Staple 280 CS was used for growth only three strains were able to degrade it: Pleurotus sp BCCB 
507 (14.25% - 7th day), A. campestris (32.90%-14th day) and P. sp. CCB 068 (53.20% - 7th day). MnP was 
also the predominant ligninolytic enzyme produced. The more complex chemical structure of the pesticide 
Staple may be responsible for the lower levels of degradation and of strains able to attack it. 
Considering both pesticides Pleurotus sp CCB 068 was the best strain among all the strains tested. It is 
important to mention that the highest levels of enzymes activities were produced by this strain, regardless 
of the pesticide. 
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Biodegradation of PAHs in Soil  by Two Deuteromycete Fungi 
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The fungal strains used is this work, namely, 984 and 1040, were a gift from Fundação Tropical André 
Toselo, and were isolated from soil samples collected at the Jureia-Itatins Ecological Reserve. Following 
microscopically examinations these strains were classified as Aspergillus sp. (984) and Verticillium sp. 
(1040). The degradation of PAHs in soil contaminated with  5 mg naphthalene/g soil; 1,0 mg anthracene/g 
soil or 0,5 mg pyrene and/or benzo[a]pyrene/g soil, was verified. These strains were grown in  wheat 
bran:water for 3 days and inoculated into two portions of soil, sterilized and non- sterilized, and cultivated 
for 2, 4, 6, and 8 weeks, when the PAHs were extracted from the soil and the degradation was 
determined by HPLC. Degradation varied with the strains and also with the soil treatment. The best 
degradation, in sterilized soil was obtained after 8 weeks of growth for the two strains: naphthalene 
(64.50-65.43%), anthracene (77.35-85.83%) and pyrene (73.01-78.78%). When benzo[a]pyrene was 
used the best degradation shown by  strain 984 was 89.62% in six weeks and by the strain 1040 78.06% 
in eight weeks. In non-sterilized soil the strains exhibited lower growth and degradation than in, with the  
exception for benzo[a]pyrene (82.3-82.6%). Our results indicate that these two fungal strains  have 
potential for application in the bioremediation of soils contaminated with PAHs. 
 
We acknowledge FAPESP for financial support. 
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Further to the results of a pilot-scale demonstration completed in May 2001, the USEPA selected 
Adventus Remediation Technologies’ patented DARAMEND® bioremediation for full-scale treatment of 
pesticide-impacted soils at the T.H. Agriculture and Nutrition (THAN) Superfund Site (Site) in 
Montgomery, Alabama.  To our knowledge, this represents the first ever, full-scale, in-situ, solid-phase 
application of bioremediation to pesticide-impacted soils.  In particular, Site soils were impacted with 
Toxaphene, DDT, DDD, and DDE.  Treatment results correspond closely to those seen during the pilot-
scale demonstration, during which DDT and Toxaphene concentrations (the only compounds that 
exceeded the Performance Standard) were reduced from 317 mg/kg and 168 mg/kg to 24 mg/kg and 26 
mg/kg respectively, during 168 days of active treatment.  To date, after approximately 75 days of active 
full-scale treatment, Toxaphene, DDT, DDD, and DDE concentrations have been reduced by 63%, 70%, 
27%, and 32%, respectively.  Relatively high initial DDT concentrations resulted in the transient 
accumulation of DDD in some sampling zones.  Reductions in DDD concentrations in these sampling 
zones are now expected to accelerate, due to the sharp reduction in DDT concentrations.  This pattern is 
consistent with that observed during bench- and pilot-scale studies conducted on this and other pesticide-
impacted sites.  It is anticipated that all Performance Standards for the Site will be reached following 50 to 
75 days of further treatment.  Results from the completed project will be presented.    
 
 
® DARAMEND is a registered trademark of Adventus Intellectual Property Inc. 
 
 281
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This presentation will detail the results of a full-scale in-situ enhanced bioremediation program targeting 
petroleum contamination at a school bus maintenance garage in Otego, New York. Leaky USTs and 
impacted soils were removed in 1998.  However, groundwater impacts in the sandy aquifer remained.  In-
situ enhanced bioremediation was proposed as a cost-effective alternative to conventional ex-situ 
remedial methods.  Furthermore, the current site use limited the available space for above ground 
infrastructure associated with conventional ex-situ remedial methods. 
 
It is well documented that the release of oxygen in the subsurface environment is known to enhance the 
biodegradation of petroleum hydrocarbons.  PermeOx® Plus is a form of calcium peroxide designed to 
release oxygen to enhance the biodegradation of petroleum hydrocarbons in soil.  PermeOx® Plus 
provides oxygen through a reaction of the specialty formulation of calcium peroxide and water: 
 
CaO2 + 2H2O→Ca(OH)2 + H2O2 
2H2O2→O2 + 2H2O. 
 
The treatment area was approximately 200 feet by 80 feet with an 8-foot thick contaminated zone.  Total 
BTEX mass in July 2002 was 4.7 kg.  In July, 2002 PermeOx® Plus was injected using a direct-push drill 
rig at 107 locations within the plume area.  In addition, Waste Stream Technology’s Bioblend™ M-4, a 
blend of petroleum degrading bacteria and nutrients, was injected into the contaminant plume. Within 5 
months, total BTEX mass within the plume was reduced to 1.7 kg in December 2002.  A second 
PermeOx® Plus injection was conducted in a 140 feet by 70 feet area at 55 locations.  Subsequent 
monitoring events are scheduled to monitor the progress of the remedial program. 
 
The presentation will discuss the use of PermeOx® Plus to introduce oxygen into the contaminated 
groundwater plume.  The presentation will also discuss the overall effectiveness of the remedial program 
for reducing dissolved-phase and sorbed-phase petroleum hydrocarbon concentrations to levels that will 
achieve site closure. 
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4-Aminobenzene sulfonate (4-ABS) is the building block for the production of many azo dyes, 
pharmaceuticals, pesticides and other consumer products. Consequently it is synthesized and released 
into the environment in large quantities and thus a major pollutant of surface waters. Aryl sulphonates are 
generally recalcitrant to microbial degradation. Only few reports are available on the utilization of 4-ABS, 
either as a sole or mixed carbon and energy source, by defined or pure bacterial cultures. In this 
communication, we report the studies on 4-ABS degrading bacterial isolate strain PNS2. Strain PNS2 
was isolated from the enrichment culture developed from the inoculum derived from large scale activated 
sludge treatment unit receiving Kanpur City sewage. Cells of the strain PNS2 were gram negative rods 
and catalase +ve. Base sequence of 16 rDNA revealed an affiliation with Agrobactrerium tumefaciens. 
Strain PNS2 utilized 4-ABS as the sole carbon and energy source on mineral salt medium, without any 
specific addition of vitamins. It could also serve as the source of nitrogen and sulfur for the growth of the 
organism. Exponential growth was observed upto a concentration of 1000 mg/l and shortest doubling time 
during the growth on 4 ABS was around 7 hr. Strain PNS2 was highly specific for the position of amino 
group substitution as neither 2- or 3-aminobenzene sulphonates could serve as growth substrates. 
Degradation of 4-ABS was accompanied by the release of ammonia, (around 80% ABS degraded) as 
well as sulphate. No aromatic metabolites of 4-ABS could be detected in the culture filtrate either during 
growth phase or with dense cell suspensions. Total organic carbon analysis of the culture filtrate showed 
that 4-ABS was completely mineralised. Preliminary studies have shown the presence of a plasmid in the 
strain PNS2.  
 
Studies on organisms degrading aminobenzene sulphonates, metabolic pathways specific enzymes and 
the genes involved in the degradation can lead to their application for the removal of these environmental 
pollutants.  
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The use of in situ bioremediation to stimulate the rapid dissolution, desorption, and biodegradation of 
residual DNAPL has been demonstrated in the laboratory and in well-documented field studies.  
Biodegradation of dissolved-phase contaminants increases the partitioning and subsequent 
biodegradation of residual DNAPL to the aqueous phase by (1) increasing the concentration gradient and 
driving force for dissolution and desorption and (2) increasing the overall solubility of the DNAPL by 
production of hydrophilic daughter products.   
 
Specifically, the application of the slow release electron donor substrate, Hydrogen Release Compound-
Extended Release (HRC-X™), has been successful in remediating high concentrations (>100 mg/L) of 
chlorinated ethenes, like PCE and TCE in residual DNAPL environments.  In situ bioremediation with 
HRC-X is a low-cost method for residual DNAPL removal and avoids the costly and lengthy assessment 
associated with defining the exact location of the dispersed residual DNAPL. 
 
HRC-X is a highly concentrated electron donor for bioremediation and has a field longevity of 
approximately 3 years.  Injection of HRC-X directly into the general residual DNAPL area of a 
contaminated aquifer results in the continuous release of lactic acid and fermentation of the lactic acid to 
hydrogen in, surrounding, and downgradient of the injection area.  Hydrogen from HRC-X is used as an 
electron donor for reductive dechlorination of chlorinated ethenes, which results in dissolution of residual 
DNAPL and desorption of sorbed contaminants.   
 
This presentation includes a description of HRC-X, as well as the mechanisms by which chlorinated 
ethene contaminants are dissolved, desorbed, and degraded.  Case histories describing the successful 
field application of HRC-X for bioremediation of residual DNAPL will be presented.  
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Enhanced reductive dechlorination of chlorinated compounds has been applied via in situ engineered 
anaerobic systems in increasing numbers over the past decade.  Knowledge gained from these field 
applications, combined with academic literature, allows us to have a broader understanding of the 
technology. Microbial communities can be engineered through manipulation of aquifer inputs creating in-
situ reactive zones. Over a short segment of the groundwater flow path, the microbial biomass is shifted 
to a succession of facultative degraders and fermenters, sulfate reducers, acetogens and methanogens 
(termed the anaerobic metabolic cascade). At low to moderate electron donor loading rates, the aquifer 
microbial continuum is dominated by species that produce C-1 compounds and acetate as the 
fermentation products.  When electron donor loading increases to high levels a significant portion of the 
electron donor flows into pathways that generate fatty acids. Bacteria from several points in the metabolic 
cascade have been shown to reductively dechlorinate halogenated compounds.  Reductive dechlorination 
occurs by two basic mechanisms: metabolic – bacteria utilize chlorinated compounds as electron 
acceptors, and cometabolic – enzymes and cofactors produced by bacteria can dechlorinate solvents.  
Analysis of chemical thermodynamics shows energy gained from chlorinated ethenes as electron 
acceptors is sufficient to support growth.  Although some dechlorinating species do not degrade vinyl 
chloride at meaningful rates, this is not due to thermodynamic limitation.  Biostimulation using late-
cascade compounds such as lactate and methanol by-pass much of the productive dechlorinating 
communities. The repeated ability to dechlorinate with high carbon loading rates and without 
bioaugmentation suggests the importance of these groups. These observations were developed from the 
authors’ research and published reports of field applications and lab research.  Data from five case 
studies is presented to illustrate the general principles of reductive dechlorination. 
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A mixed culture enriched from aged nitrotoluenes-contaminated soil from an ammunition plant in the 
Czech Republic was used to study biodegradation of 2-, 3-, and 4-nitrotoluene in aqueous solution under 
aerobic conditions. The degradation in batch system was carried out with free cells (mixed culture) in 
shake flasks containing basal salt medium. The mononitrotoluenes (MNT) served as a sole carbon, 
energy, and nitrogen source for the cell growth. Here, a degradation of all the MNT’s and their mixture 
was tested. The NT removal rate and efficiency was evaluated. Also the kinetics of 4-NT degradation was 
determined. In the second part, similar experiments were performed in a continuously operated packed 
bed reactor with the cocurrent  water-air upflow mode. The cells were immobilized on expanded slate 
used as the packing material. The start-up period and degradation characteristics for 4-NT are described. 
The degradation rates and efficiencies are evaluated and compared. During this long-term experiment 
lasting 8 months also changes in the biofilm composition, viability count of immobilized and free cells, and 
microscopy observations (SEM) of a biofilm structure were estimated and the results are discussed. 
 
A complete removal of all the MNT’s in all the batch and continuous experiments has been achieved 
(HPLC determination). 
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As a preliminary proof of biological hydrocarbonoclastic activity and the feasibility to apply a biological 
technique for the treatment of oil contaminated soils, the evaluation of biodegradative capacity of 
contaminated soils at laboratory scale is necessary. Generally, the biodegradability tests, in natural 
conditions of the contaminated soils, are very slow. It has been demonstrated that biostimulation, control 
of water content and aeration increase the rate of hydrocarbon biodegradation, lead to a faster response. 
The aim of this work was to prove a biodegradability test for oil contaminated soils, which was established 
previously in our laboratory, for four Mexican soils contaminated with petroleum hydrocarbons or drilling 
wastes. The biodegadability tests were performed in microcosms containing 20 g of soil (dry weight) 
adjusting C:N:P ratio to 100:1.7:1.2 with NH4NO3 and KH2PO4 , water content  to 3.5 times the holder 
capacity, temperature 30 °C and agitation 100 rpm. Two controls were performed: non-stimulated soil and 
sterile stimulated soil (sodium azide, 2%). The parameters measured were pH, total petroleum 
hydrocarbons (TPH), gas chromatography, total carbon, total nitrogen, phosphorous, heterotrophic and 
hydrocarbon-degrading microorganisms, microbial diversity and variation in time by DGGE and CO2 
evolution. The four soils tested shown a response of degradability 6 to 9 time faster than non-stimulated 
systems. Also, these soils had higher CO2 production than control soils. However, the microbial counts 
were constant during incubation in both stimulated and non-stimulated soils. The microbial population is 
been analyzed by DGG technique. This study shows that the four soils tested had hydrocarbon 
biodegradation activity and the biodegradability test is feasible to be applied in different contaminated 
soils, reducing the time to obtain a desired response.  
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Natural attenuation in contaminated subsurface environments by biofilms can be an important factor in 
contaminant removal and may be influenced by how the biofilm community reacts to the contaminating 
chemicals.  Subsurface microbial communities may activate adaptive strategies to xenobiotic influxes via 
catabolic and/or molecular stress response mechanisms.  It is hypothesized that both the concentration 
and nature of xenobiotic stressors influences microbial adaptation to plumes in contaminated subsurface 
environments.  Laboratory flow-through sand columns containing sacrificial flow cells have been 
constructed and are currently being operated to determine if a known stress response, called the 
glutathione-gated potassium efflux (GGKE) mechanism, manifests into a detectable community adaptive 
response.  GGKE is a mechanism that protects cells against damage by thiol-reactive electrophilic 
compounds.  In wastewater, the GGKE response to electrophilic chemical perturbations has been found 
to cause deflocculation.  Similarly, the GGKE system is expected to cause biofilm detachment when non-
catabolized electrophilic compounds are present.  When compounds are present that can be catabolized 
and activate GGKE, it is expected that biofilm disruption will be minimized.  Three contaminants will be 
tested during this study: benzene, which is degradable and non-electrophilic; cadmium, which is non-
degradable and electrophilic (thiol-reactive); and pentachlorophenol, which is degradable and 
electrophilic.  Contaminant concentrations starting at 2 mg/L will be ramped to 10 mg/L over a seven 
month time period.  At regular intervals, pH, dissolved oxygen, total organic carbon (TOC), potassium, 
and contaminant concentrations will be measured along the length of the sand column.  Flow cells 
connected along the length of the column, containing column inoculum, will also be sacrificed in regular 
intervals to determine levels of volatile solids, protein, carbohydrate, lipid phosphate, glutathione, and 
bacterial community profiles.  Bacterial community change over time will be determined using temporal 
temperature gradient gel electrophoresis.  
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Estimulation of Hydrocarbon Removal in a Drilling Waste-Contaminated Soil 
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During Oil Industry operations, great amounts of hazardous wastes are generated, which represent a 
16% of the total emissions and unloadings. Approximately, 85% of the total volume is composed by three 
kinds of wastes, 73% drilling muds and cuttings, 5% oily muds and 6 % of heavy chlorinated 
hydrocarbons. These wastes are confined or spilled in soil representing an environmental concern, thus 
efficient technologies must be implemented to eliminate them. Bioremediation is an alternative technology 
to clean up these sites, however compound structure, bioavailability, particle adsorption and soil physico-
chemical characteristics such as texture could be limiting factors. The aim of this study was to design a 
succesful treatability study to enhance hydrocarbon biodegradation in a clay and drilling waste-
contaminated soil by the addition of nutrients and surfactant (commercial product) and an oxygen source. 
The studied soil had a TPHs concentration of 115,000-126,000 mg/Kg soil and a lighly alkaline pH  (7.5). 
Four experimental trials using 5 L flasks containing each 4 Kg of soil were prepared.  Two oxygen source 
doses (50 and 100 mg/Kg) were evaluated. Mesocosms were incubated at 28C during 70 days. Biological 
activity indicators were CO2 production, nitrogen and phosphorous consuption, total and 
hydrocarbonoclastic bacteria. Catalase and deshydrogenase activities were used to monitor the 
decontamination of the polluted soil. Hydrocarbon removal was evaluated during the incubation period. 
Results demonstrated that the addition of commercial product does not influence the hydrocarbon 
removal and could interfere with hydrocarbon analysis. Oxygen source has an important role either 
enhancing hydrocarbon removal and biological activities. Oxygen source concentration at 50 mg/Kg 
allows higher hydrocarbon removal (27%). Bacterial growth was increased but other carbon sources 
could also be used. Catalase and deshydrogenase quantification were also important indicators of soil 
decontamination. Parameters such as nitrogen, phosphorous, pH and moisture change during the 
treatment.  
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Azo dyes are considered to be resistant to attack by aerobic microorganisms and till now are considered 
to be not amenable to aerobic effluent treatment process. Azo dyes are decolorized under anaerobic or 
microaerophilic condition by the enzyme azoreductase secreted by microorganism. Present study is 
related to new approach for decolorization and biodegradation of  azo dyes from simulated wastewater in 
aerobic sequencing batch reactor. Facultative microorganisms under microaerophilic condition decolorize 
azo dyes and the total biodegradation under aerated condition. Laboratory flask experiments on various 
combination modes of aeration and static have shown that 92.84% of initial COD reduction along with 
99.0 % of decolorization. Accordingly, an investigation has been made on laboratory scale to assess the 
feasibility of an microaerophilic fixed film bed reactor system to decolorize simulated textile wastewater 
including influence of operating condition. The work was carried out with laboratory scale down flow 
reactor, equipped with insulated beads as a random support. The reactor was operated at 350c, COD 
removal efficiencies ranging from 76-98 %were achieved for organic loading rates up to  kgCOD/m3 d 
while the highest organic loading rate (around to  kgCOD/m3) led to efficiencies of 46-50%.  The influence 
of hydraulic  retention time and substrate concentration were also studied. A continuous reactor for 
decolorization/biodegradation of azo dyes in aerobic sequencing reactor needs understanding of a 
sequence. The first reactor is always operated in microaerophilic down flow fixed film fixed bed condition, 
where the azo dyes from simulated wastewater gets decolorized at 7.72 hrs hrs hydraulic retention time  
with 2.2392 kg/m3/day loading rate. The COD reduction of 74.67% was achieved. The second reactor 
operated in down flow fixed bed, has shown tremendous decrease in COD along with ammonia, nitrite 
and nitrate. 
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Soil became contaminated with hydrocarbons from accidents, leakage from pipelines, and ruptures of 
underground storage tanks. Hydrocarbon contaminated soil is toxic to plants and microorganisms and 
ultimately is a groundwater contamination. The objective of this study was to evaluate the fate of adding 
diesel to the soil with or without previous history of hydrocarbon contamination. Particular aspects 
examined were: soil respiration, microbial population, breakdown of diesel hydrocarbons and phytotoxicity 
to germination of perennial ryegrass. Soil respiration was measured by CO2 evolved, bacterial population 
was determined by colony forming units, whereas breakdown of diesel hydrocarbons was determined by 
adding dichloromethane through soxhlet extraction. When diesel was added to the soil with no previous 
history of hydrocarbon contamination there was a lag phase of 6 days before respiration increased. 
However, the lag phase was 2 days in soil with a previous history of hydrocarbon contamination. 
Maximum respiration occurred at day 3. After the peak respiration started to decrease in either of the soils 
up to 20 days. Thereafter, respiration become steady until the end of the incubation (30 days) but 
remained greater than the control soil. N or N & P addition to any soil did not reduce the lag phase but 
increased the respiration to greater than the soils with diesel but no N or N and P. Bacterial population 
increased 10 to 100 fold but fungal population did not respond. The lag phase was related to the 
disappearance of the short carbon chain hydrocarbons (nC10 and nC11). Inhibition to germination of 
perennial ryegrass was related to the disappearance of short carbon chain hydrocarbons (nC10 and 
nC11) and took 3 to 11 days depending on the soil. However, inhibition to germination of perennial 
ryegrass was persisted until 24 weeks of incubation after adding high level of diesel. 
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Benzene, Toluene and Xylene (BTX) are among the most serious pollutants, in both liquid and vapor 
phases, discharged from a variety of industrial sources. Their toxicity and carcinogenic potential warrants 
their removal prior to discharge into the natural environment. Conventional treatment methods such as 
adsorption are either expensive or ineffective. Biodegradation appears to be a potential alternative. Their 
biodegradation was evaluated in batch systems using a bacterial consortia (mixed culture) taken from a 
domestic sewage treatment plant under aerobic conditions. These cultures were acclimatized using 
individual BTX compounds as the sole carbon source. The versatility and potential capability of microbes 
precultured on a single substrate to degrade other compounds were studied over a wide range of BTX 
concentrations (~50-500mg/L). The biodegradation pattern and growth rates ascertained experimentally 
in these versatility studies were compared with results obtained from individual degradation experiments 
studied earlier. Similar growth pattern was observed for all the substrate with inhibition occurring at higher 
concentrations (~150mg/L for Benzene and Xylene, ~200mg/L for Toluene). Toluene was degraded more 
than the other substrates followed by benzene and xylene. Adaptation to a more toxic compound like 
benzene and xylene improved the utilization of toluene. The inhibition level was increased to ~ 250mg/L. 
On the other hand microbes grown on a less toxic compound (toluene), grew at a lower rate in the 
presence of more toxic compounds.  Substrate inhibition, a widely detected phenomenon in the 
degradation of toxic pollutants was also encountered.  Hence suitable kinetic parameters such as μmax, KI, 
and KS were determined using the Haldane's and Levenspiel's substrate inhibition models. Results from 
Haldane's model were more illustrative of the experimental observations and were found to satisfactorily 
explain the system behavior. 
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Pentachlorophenol (PCP) is a widely used wood preservative for utility poles, cross arms, and fence 
posts.  PCP has been found in soils and ground water as a result of spills and environmental disposal at 
wood preserving and chemical manufacturing facilities.  Contamination of ground water by PCP is a 
concern, as it causes cancer, as well as liver and kidney problems.  PCP is biodegradable, making in situ 
bioremediation of PCP is a promising treatment technology.   
 
PCP biodegradation is a complex process, with both aerobic and anaerobic biodegradation pathways.  
The scientific literature is inconsistent on which pathway is more rapid or efficient.  Thus, PCP is 
amenable to accelerated bioremediation either under aerobic conditions with Oxygen Release Compound 
(ORC®), a slow-release, injectable oxygen source, or anaerobic conditions with Hydrogen Release 
Compound (HRC®), a slow-release, injectable carbon source and electron donor.  ORC and HRC have 
been used for bioremediation at a number of PCP-contaminated sites, and, based on an assessment of 
site data , both products performed extremely well at some sites and moderately at others.   
 
Based on a review of the PCP biodegradation literature and our experience, we conclude that that site-
specific conditions, like the characteristics of the native microbial population and the chemical/physical 
state of the aquifer, govern the efficacy of aerobic or anaerobic bioremediation for PCP.  To determine the 
optimal treatment for PCP-contaminated sites, we recommend an ORC and HRC side-by-side field pilot 
test be conducted prior to full-scale field treatment with either product. 
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An innovative and safer chemical application control system was recently utilized during the injection of 
CleanOX® reagents at a former chemical manufacturing facility. Basis of the CleanOX® Process is the 
well-known Fenton’s Reaction wherein hydrogen peroxide reacts with ferrous ions to produce hydroxyl 
free radicals and superoxides in an acidified aqueous medium containing the contaminants. Resultant 
reagents are extremely powerful oxidizers that progressively react with organic contaminants through a 
series of oxidation reactions. During the process, the organic constituents are converted to progressively 
less complex and shorter chemical chains, ultimately yielding carbon dioxide and water.   
 
Fenton’s reagents are applied directly into the area of concern through injection wells. The reagents then 
treat contaminated groundwater and saturated soil in-situ, producing no waste streams that require 
permitting, treatment, or disposal. Principal advantage of the CleanOX® Process over other in-situ 
treatments is the very rapid and complete destruction of organic contamination in groundwater and 
saturated soil. The CleanOX® Process is primarily directed toward remediation of dissolved-phase 
contamination and has also been applied to address free-phase product.  
 
The innovative chemical application control system optimized the injection rate of CleanOX® reagents. 
This reduced the total volume of potentially hazardous materials injected into the subsurface 
environment. Although over 200 applications, in over 26 states, of the CleanOX® reagents have been 
successfully completed without a recordable OSHA incident, there is a definite need to constantly 
improve the safety of this innovative remediation technology. Based upon the case history hereby cited, a 
quantum jump in hazardous materials safety was achieved. Thus, the authors recommend that when 
applying Exothermic Fenton’s Reactions for the clean-up of soil and groundwater that suitable chemical 
application controls be utilized. 
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The authors have utilized potassium permanganate (KMnO3) and other oxidants at a wide range of 
contaminated properties while implementing in-situ chemical oxidation remediation technology.  The 
purpose of the applications was to destroy various contaminants including chlorinated solvents, petroleum 
hydrocarbons, and ammonia.     
 
This presentation will summarize the lessons learned, problems encountered and overall cost and 
technical effectiveness of utilizing in-situ oxidants via various addition methods and project conditions.   
The speakers will discuss the practical lessons learned from applications of these technologies from 
different applications of oxidation chemicals to address saturated zone contamination.   
 
Methods of applying in-situ chemical oxidation chemicals to subsurface soils and groundwater have 
included “soil mixing” approaches to address soil contamination, “inject and leave” approaches for cost 
effective, low impact polishing of groundwater, and an aggressive “inject and control” approach to 
enhance the operation of an existing groundwater treatment system.   The pros and cons of each type of 
application will be presented.    
 
The target applications areas have included residential neighborhoods, within and underneath airport 
hangars, underneath warehouses and professional buildings, in support of excavation and disposal 
activities and in conjunction with groundwater pump and treat activities.  Specific lessons learned in 
applying this technology will be discussed.       
 
Total project costs to utilize in-situ oxidation have been less than  $100,000 in six of the seven sites 
discussed.  The cost components (pre-application studies, infrastructure, chemical, application, 
monitoring, etc.) are evaluated and presented on a cost per application and cost per site basis.   The cost 
effectiveness of utilizing these technologies to address saturated zone contamination at small to medium 
sized sites - will be presented and compared to other remediation technologies and approaches.   
 
In-situ chemical oxidation is an effective remedial technique that may be used in a range of applications.  
However, our experience also shows a range of success in achieving remedial goals.   
Comment [rwm4]: I don’t think 
enough people will understand “MCP 
sites” 
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A Fenton-based chemical oxidation process was used to conduct a remedial treatment program at a 
former dry cleaners site in Northern Florida.  The patented process employs a modified Fenton’s reagent 
(ISOTECSM Process) that has the capacity to function under natural subsurface pH conditions (i.e. pH 5-
8) and effectively disperse within the subsurface.  The chemical amendments allow the formation of 
hydroxyl radicals, the key oxidants in Fenton’s reaction, to be delayed until H2O2 has spread throughout 
the plume.  Additionally, the process also produces reducing superoxide radicals and hydroperoxide 
anions that promote increased desorption and degradation of recalcitrant contaminants. The 
contaminants treated at the former dry cleaners site included Tetrachloroethene (PCE), Trichloroethene 
(TCE) and cis-1,2-Dichloroethene (cis-DCE) at concentrations exceeding 1,850 ug/l.  To establish 
whether the ISOTEC process could treat the site-specific contaminants and to determine the optimum 
oxidation conditions based on the contaminants detected, a preliminary laboratory bench-scale study was 
conducted.  The results of the study showed the reagent to be effective in achieving over a 99% 
destruction of total volatile organic compounds (VOC’s) in the groundwater and over a 94% reduction in 
the soil-slurry samples.   
 
Based on the positive bench scale results, the field treatment program ensued, targeting a 
portion of the plume that historically showed the highest levels of chlorinated solvent 
compounds exceeding the applicable Florida Department of Environmental Protection (FDEP) 
groundwater quality criteria. The majority of the chlorinated solvent contamination was present 
below 8 feet bgs to a depth of up to 16 feet bgs with the highest concentrations located between 
10-12 feet bgs.  A total of forty (40) direct-push points spaced no more than 25 feet from one 
another were installed in a grid fashion to target two separate depth intervals ranging from 8-12 
feet bgs and from 12-16 feet bgs.  The injection activities were performed over two separate 
injection events spread approximately six (6) weeks apart.  Results of the treatment program 
indicated a 72 percent reduction in total chlorinated contamination detected in the site 
groundwater following the first injection event; the reduction increased to 90 percent following 
the second injection event.  A one-year post remediation FDEP quarterly groundwater 
monitoring program is currently ongoing to evaluate site closure options.  
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Special laminar Spargepoints® and gas/liquid supply equipment allow hydroperoxide to coat nanno- to 
micro-sized gas bubbles containing air/ozone mixtures.  Bench-scale tests showed the use of thin-layer 
microbubbles containing ozone with a coating of hydroperoxide improves the rate of oxidation of certain 
polyaromatic hydrocarbons (PAHs) and branched linear alkanes commonly found in weathered fuel, 
when compared to ozone or hydroperoxides used separately or in combination without ultra fine bubble 
formation.  During injection of the gas fraction through the laminate membrane, the peroxide is siphoned 
by negative pressure to form coatings on the ultra-fine bubbles.  The coating creates a high surface area 
film of reactive hydroxyl radicals through which aliphatic and aromatic VOC compounds are drawn by 
Henry’s Law of liquid-gas partitioning.  The process was then applied to a fuel oil spill.  The site was a 
seaside motel with a fuel line leak, combined with a possible old tank bottom release from an abandoned 
tank.  The extent of the spill was delineated by soil and water sampling with push-probes and monitoring 
wells.  Using on-site ozone generation and peroxide addition units powered by house current, a 
wallmount microsparging system supplied oxidant to three laminar Spargepoints® and a conventional 
microporous Spargepoint®.  The microbubbles were pulsed through the sandy formation during 
sequential operation.  Soil and groundwater analyses were conducted on oil fractions following the 
Massachusetts EPH procedure, separating weight fractions of aliphatics and aromatics.  A mass balance 
analysis was performed to relate the removal of oil fractions to mass of oxygen delivered.  Bacterial 
growth was measured across the site at the end of treatment and sensitivity to ozone determined.  
Massachusetts DEP requirements for closure were reached after 4 months of operation.  Additional 
sampling showed no indication of rebound. 
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Redevelopment Remediation often involves converting contaminated former industrial property to 
residential standards for soil and groundwater.  The treatment system must be able to be used in heavily 
urbanized areas, adapt to ongoing building, and be time dependent.  Encountered contamination is often 
a mixture of chlorinated solvent and petroleum spills.  Financing can be phased to lots renovated in multi-
lot developments.  A former industrial/commercial area in Falmouth, Massachusetts, contained laundry 
and dry cleaning facilities from 1904 to 1963.  Large-scale cleaning operations commenced during World 
War II, when property operations were utilized primarily by the Federal Government for cleaning military 
garments.  Dry cleaning solvents, gasoline, and #6 bunker fuel oil were stored at the property in 
underground storage tanks (USTs) over the years.  Two separate groundwater and soil contamination 
plumes of predominantly tetrachloroethene (PCE) and petroleum hydrocarbon-based MCP exceedances 
of aromatic hydrocarbon chains n-C9 and n-C10 and aliphatic hydrocarbon chains n-C9 and n-C12 occurred 
on the property.  The region is subject to commercial/urban GW-2 standards (non-drinking water).  The 
regions were treated with nanno/microbubble ozone perfusion.  Certain source areas received ozone with 
peroxide-coated bubbles applied through Laminar Spargepoints®.  Razing of the buildings required 
relocation of the treatment system to a mobile unit to accommodate on-going development.  The extent of 
subsurface concrete and metal structures encountered during site excavation was exceptional and 
required unexpected effort for trenching in of lateral piping to injection locations.  Soil and groundwater 
probing was performed to confirm extent of treatment and to reduce time delays of groundwater flow for 
monitoring.  The site remediation was started on January 8, 2002, and was completed in August, 2002, a 
total of eight months’ time to achieve a Class A-2 Response Action Outcome (RAO). 
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PESC has performed site remediation of gasoline and chlorinated solvent releases at many sites. 
For a site that was a former glass manufacturing facility, closed in the early 1990s, Trichloroethene and 
Methylene Chloride were used in the manufacturing process at the facility. Characterization of the extent 
of volatile organic compounds revealed contamination of the shallow aquifer located in alluvium beneath 
the site at levels of approximately 600 ppb Trichloroethene and 560 ppb Methylene Chloride.  The 
impacted water was encountered at depths ranging from 25 to approximately 40 feet below ground 
surface. PESC installed wells to define the groundwater plume extent and followed an Agency approved 
work plan to evaluate natural attenuation.  Following one year of monitoring, accelerated methods of 
chlorinated solvent degradation were evaluated and in situ chemical oxidation (ISCO) was recommended 
to the Agency. ISCO consisted of injection of a surfactant to assist in dispersion of the oxidant followed by 
injection of a 25 weight percent solution of hydrogen peroxide.  This procedure was performed on 42 
probeholes to 40 feet below ground surface.  The PESC injection process uses a 10,000-psi high-
pressure lance that cuts it’s way to the desired injection depth.  This reduces the cost of mobilization of 
drilling or direct-push equipment to reach the desired depth. The method works well in silt, clay and fine 
sand soil types. Confirmation groundwater samples within the treatment area footprint were collected 
approximately 4 weeks after performing ISCO.  An evaluation of results indicated a 70 to 80 percent 
reduction in chlorinated organic compounds in groundwater. Concentrations were reduced to 170 ppb for 
Trichloroethene and 80 ppb for Methylene Chloride. 
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Worms 
E.P.H. Best, U.S. Army Engineer Research and Development Center, Vicksburg, MS  
K.N. Geter, Analytical Services, Inc., Vicksburg, MS  
H.E. Tatem, U.S. Army Engineer Research and Development Center, Vicksburg, MS  
 
Riverbank Stabilization of Lead Contaminated Soils using Native Plant Vegetative Caps   
JoAnn M. Camacho, B.S., CHMM, U.S. EPA Environmental Response Team, Edison, NJ    
Richard Fetzer, M.P.A., U.S. EPA Region II, Bethlehem, PA    
Mark Huston, M.S., U.S. Fish and Wildlife Service, Edison, NJ    
Christopher Gussman, M.S., Lockheed Martin Co., Edison, NJ  
Daniel G. Crouse, B.S., P.E., EarthTech, Inc, Richmond, VA    
Robert Helverson, B.S., Tetra Tech EMI, Boothwyn, PA    
Phosphate-Based Stabilization of Lead Impacted Soil 
Raveendra Damera, General Physics Corp., Elkridge, MD   
Dev Murali, General Physics Corp., Elkridge, MD 
Phillina Peete-Tookes, Goddard Space Flight Center, Greenbelt, MD 
Phillip J. Nessler, Goddard Space Flight Center, Greenbelt, MD 
 
Heavy Metal Stabilization and Toxicity Reduction by Interstitial Mineral Solution Crystalization  
Keith E. Forrester, FESI, Meredith, NH 
 
Study on Leaching Hexavalent Chromium from Cement Treated Soil to the Surrounding Ground 
Kazushi Furumoto, Public Works Research Institute, Ibaraki, Japan 
Nobuyuki Tsuneoka, Public Works Research Institute, Ibaraki, Japan 
Hirotoshi Mori, Public Works Research Institute, Ibaraki, Japan 
 
Heavy Metal Content of Soils on Karstic Area in North Hungary 
Ilona Kevei-Bárány, University of Szeged, Szeged, Hungary  
Rita Kaszala, University of Szeged, Szeged, Hungary 
 
Soil Pollution by Heavy Metals from Transport Systems in Lithuania 
Evelina Kliaugiene, Vilnius Gediminas Technical University, Vilnius, Lithuania 
Pranas Baltrenas, Vilnius Gediminas Technical University, Vilnius, Lithuania 
 
The Biosolids Digestion Treatment Reduces Potentially Toxic Elements Availability in Soils and Maize 
Uptake 
Raúl S. Lavado, Universidad de Buenos Aires, Buenos Aires, Argentina 
Mónica Rodríguez, Universidad de Buenos Aires, Buenos Aires, Argentina 
Miguel A. Taboada, Universidad de Buenos Aires, Buenos Aires, Argentina 
 
Study on Chromium Contaminated Soils and Waters around a Chromate Factory 
Yilian Li, Wuhan University, Wuhan City, China 
Yanxin Wang, China University of Geosciences, Wuhan City, China 
 
Modified In Vitro Method for the Determination of Lead and Arsenic Bioaccessibility 
James F. Occhialini, Alpha Analytical Labs, Westborough, MA 
James C. Todaro, Alpha Analytical Labs, Westborough, MA 
Joseph Clements, Alpha Analytical Labs, Westborough, MA 
 
Peculiarities of the Heavy Metals Speciation in the Background and Polluted Soils of Russian 
Plane 
Leonid V. Perelomov, Tula State University, Tula, Russia  
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Health-ecological Investigation of Soil Pollution with Heavy Metals and Arsenic in a Metallurgical 
and Ore Output Region 
Al Spasov, National Center of Hygiene, Sofia, Bulgaria 
M. Sidjimov, National Center of Hygiene, Sofia, Bulgaria 
 
Remediation of Lead Contaminated Soil Using Physicochemical and Phytoremediation Technique: 
Experience from South West Nigeria 
M. K. C. Sridhar, University of Ibadan, Ibadan, Nigeria 
J. O. Etaghene, University of Ibadan, Ibadan, Nigeria 
G. O. Adeoye, University of Ibadan, Ibadan, Nigeria 
 
Continuous Biosorption of Pb, Cu and Cd by Phanerochaete chrysosporium in a Packed Column Reactor 
K.Pakshirajan, Indian Institute of Technology Madra, Chennai, India 
T.Swaminathan, Indian Institute of Technology Madra, Chennai, India  
 
Sorption of Zinc in Bentonite, Illite and Kaolin Clay Using Column Leaching Tests  
Maria Antonia Tanchuling, Tokyo Institute of Technology, Tokyo, Japan 
Mohammod Ruhul Amin Khan, Tokyo Institute of Technology, Tokyo, Japan   
Osamu Kusakabe, Tokyo Institute of Technology, Tokyo, Japan 
 
Removal of Heavy Metals from Sewage Sludge used as Soil Fertilizer 
Marian Turek, Silesian University of Technology, Gilwice, Poland 
Teofil Korolewicz, Silesian University of Technology, Gilwice, Poland 
Jerzy Ciba, Silesian University of Technology, Gilwice, Poland 
 
A Bioprocess for the Removal of Heavy Metals and Other Inorganics from Various Waters 
Brad Wahlquist, Applied Biosciences Corporation, Salt Lake City, UT   
Tim Pickett, Applied Biosciences Corporation, Salt Lake City, UT   
D. Jack Adams, Applied Biosciences Corporation, Salt Lake City, UT   
 
Metals Remediation Compound (MRC™):  A New Slow-Release Product for In Situ Metals Remediation 
Anna Willett, Regenesis, San Clemente, CA 
Stephen S. Koenigsberg, Ph.D., Regenesis, San Clemente, CA 
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Toxicity and Bioaccumulation Testing of Zinc from Weathered Substrates Using Plants and 
Worms 
 
E.P.H. Best, U.S. Army Engineer Research and Development Center, Environmental Laboratory, 3909 
Halls Ferry Road, Vicksburg, MS 39180, Tel: 601-634-4246; Fax: 601-634-3410, Email: 
beste@wes.army.mil 
K.N. Geter, Analytical Services, Inc., 3532 Manor Drive, Ste #3, Vicksburg, MS 39180 
H.E. Tatem, U.S. Army Engineer Research and Development Center, Environmental Laboratory, 3909 
Halls Ferry Road, Vicksburg, MS 39180 
 
Contaminants in soils and sediments can move from substrates into food webs because of their 
contact with substrate-colonizing or –inhabiting plants and animals, and as such cause 
unacceptable risks. A study was conducted to evaluate the (1) Toxicity of metals from metal-
contaminated dredged material to terrestrial plants and worms; (2) Bioaccumulation of metals 
from metal-contaminated dredged material accumulate in terrestrial plants and worms; and  (3) 
Effects of substrate characteristics other than metal concentration alone on the biotic 
responses. 
 
Results indicated that bermudagrass is a far more sensitive test organism than earthworms.  A 
55d-EC50 of 645 mg total-Zn kg-1 substrate dry weight (DW) was found for plants 
(bermudagrass), and a 28-d LC50 >1793 mg total-Zn kg-1 substrate DW for earthworms. 
Zinc accumulated in the plants and worms. Plant tissue-Zn concentrations associated with 
normal and phytotoxic growth were, respectively, 163 and 324 mg Zn kg –1 DW.  The Biota to 
Soil Accumulation Factor (BAF) for Zn in plants decreased from 1.25 to 0.42 between 100 and 
1500 mg total-Zn kg-1 substrate DW.  The tissue-Zn concentration in worms ranged from 93 to 
177 mg kg-1 DW. The BAF for Zn in worms decreased from 0.93 to 0.10 between 100 and 2000 
mg total-Zn kg-1 substrate DW. These BAFs can be used in estimates of trophic transfer of 
contaminants from DM in food chains. Of the substrate characteristics tested other than zinc 
concentration, i.e. organic matter content, moisture level (only in plants), and pH, none 
significantly affected biomass production and tissue metal concentration in both organisms. 
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Riverbank Stabilization of Lead Contaminated Soils using Native Plant Vegetative Caps   
 
JoAnn M. Camacho, B.S., CHMM, U.S. EPA Environmental Response Team, 2890 Woodbridge Ave, 
Bldg 18, Edison, NJ   08837, Tel: 732-906-6916, Fax:732-321-6724, Email: camacho.joann@epa.gov 
Richard Fetzer, M.P.A., U.S. EPA Region II, 4530 Bath Pike, Bethlehem, PA   18017-2070 
Tel: 610-861-2087, Fax:610-861-2072, Email: fetzer.richard@epa.gov 
Mark Huston, M.S., U.S. Fish and Wildlife Service, 2890 Woodbridge Ave, Bldg 18, Edison, NJ   08837 
Tel: 732-321-6609, Fax:732-321-6605, Email: mark_huston@fws.gov 
Christopher Gussman, M.S., Lockheed Martin Co., 2890 Woodbridge Ave., Bldg. 209, Edison, NJ 08837, 
Tel: 732-321-4200, Fax:732-494-4021, Email: christopher.d.gussman@lmco.com 
Daniel G. Crouse, B.S., P.E., EarthTech, Inc, 7870 Villa Park Drive, Suite 400, Richmond, VA   23228 Tel: 
804-515-8300, Fax: 804-515-8305, Email: Dan.Crouse@earthtech.com  
Robert Helverson, B.S., Tetra Tech EMI, 709 Chelsea Parkway, Boothwyn, PA   19061 
Tel: 610-485-6410, Fax: 610-485-8587, Email: robert.helverson@ttemi.com 
 
Hamburg is a small borough in Berks County, Pennsylvania.  During the 1940s and 1950s, crushed 
automobile battery casings, containing high levels of lead, were used as fill in and around Hamburg.  
Several of the fill areas are along the eastern bank of the Schuylkill River and the Schuylkill River Canal.  
In order to reduce exposure to human and ecological receptors, the U. S. EPA  initiated removal actions 
at several of the fill areas.  Removal actions at three of these fill areas, the Berry Property, the City 
Playground, and the Port Clinton Avenue sites, utilized native plant stabilization and caps. 
 
The Berry Property consisted of a flat, wooded area adjacent to the river.  The City Playground consisted 
of a steep wooded slope between the river and the parking lot for the community park.  The Port Clinton 
Avenue site consisted of flat and sloped wooded and old-field areas between the canal and Port Clinton 
Avenue.  At all three sites, some of the contaminated surface soils were removed and the remainder was  
graded and capped.  The clean soil cap was then seeded with native and/or non-invasive grasses, 
covered with an erosion control mat, and planted with native shrubs.  At the City Playground and Port 
Clinton sites the existing trees were maintained to preserve the slope stability and  the natural 
environment.  Great care was taken to ensure community access to the Playground.  The work was 
coordinated with the Hamburg Borough Council, the Schuylkill River Greenway Association, and the 
Pennsylvania Department of Environmental Protection. 
 
This paper will detail the removal actions performed, discuss some of the problems encountered, and 
describe the solutions developed.  Some of these issues included maintaining the existing trees, dealing 
with invasive species, maintaining the plants during a drought, channeling storm-water runoff, and 
teaming with local entities. 
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Phosphate-Based Stabilization of Lead Impacted Soil 
 
Raveendra Damera, P.E., DEE, General Physics Corp., 6095 Marshalee Drive, Elkridge, MD 21075 
Tel: 410-379-3622, Fax: 410-540-5305     
Dev Murali, P.G., General Physics Corp., 6095 Marshalee Drive, Elkridge, MD 21075 
Tel: 410-379-3684, Fax: 410-540-5305 
Phillina Peete-Tookes, M.B.A., J.D., Goddard Space Flight Center, Greenbelt, MD 20771 
Tel: 301-286-0509, Fax: 301-286-1745     
Phillip J. Nessler, P.E., C.S.P, Goddard Space Flight Center, Greenbelt, MD 20771, Tel: 301-286-4693, 
Fax: 301-286-1745 
 
Total and toxicity characteristic leaching procedure (TCLP) lead concentrations as high as 5,055 mg/kg 
and 447 mg/L were observed in the backstops of pistol and rifle ranges located at GSFC, Maryland.  
Decision for cleanup of the range soils was driven by GSFC objectives to reduce worker exposure, 
facilitate future expansion, and minimize contaminant migration.  Based on a technology evaluation and 
treatability studies, a three-step cleanup process consisting of in-place inactivation of lead-impacted soil, 
screening of stabilized soil to recover recyclable material, and off-site disposal of the remaining stabilized 
soil as non-hazardous waste, was selected.  In-place inactivation of impacted soil was achieved by mixing 
soil with a proprietary phosphate-based binder.  A field x-ray fluorescence instrument was used to 
delineate the extent of contamination.  In-place inactivation of impacted soil was achieved by mixing soil 
with a proprietary phosphate-based binder.  This technology achieved TCLP levels well below the 
regulatory TCLP limit of 5.0 mg/L.  Multiple extraction procedure tests were also performed to determine 
the long-term leachability potential of the stabilized material.  Total lead concentration in all ten 
consecutive extraction tests together was less than the regulatory TCLP limit.  Stabilized soil was 
screened to separate and recycle approximately 25 tons of material consisting of lead slugs/fragments 
and ballistic sand.  Approximately 700 tons of stabilized soil was disposed of at an off-site landfill.  Use of 
in-situ inactivation methodology eliminated the need for lengthy regulatory approvals and facilitated 
completion of the cleanup (including an additional investigation, feasibility and treatability studies, design, 
and implementation) in approximately 6 months.               
 305
Heavy Metal Stabilization and Toxicity Reduction by Interstitial Mineral Solution Crystalization  
 
Keith E. Forrester, P.E., Pte., President, FESI, 78 Tracy Way, Meredith, NH, Tel: 603-279-3407 
Email: www.fesi@worldpath.net  
 
Mobility of soluble and fine particle heavy metals under rainwater, subsurface and surface water flow 
regimes are often not properly controlled by stabilization methods designed to meet batch-based 
extraction tests. Most batch-based stabilized wastes remain toxic to humans and animals though 
digestion of heavy metals into stomach acid (dilute hydrochloric acid) and subsequent uptake into blood 
serum, substitution in bone calcium apatite, and loading in brain tissue, liver and other body receptors.  
 
Batch based stabilization technologies also often fail to provide for stabilization of heavy metals within the 
interstitial material environment, providing only surface contact during field stabilization while relying on 
the batch reactor test to stabilize interstitial metals during the extraction period prior to filtered aliquot 
analyses. In addition, none of the current batch based stabilization technologies are designed to capture 
small sub-micron particles within a crystalline matrix both inside and outside of material and waste 
surfaces. 
 
This paper presents a FESI-BOND™ patent-pending method of reducing leachability, sub-micron 
particulate transport and toxicity of heavy metals via interstitial mineral formation and particle 
crystallization. The FESI-BOND™ stabilizers can be used for both RCRA and CERCLA industrial waste 
on-site stabilization as well as for in-situ or ex-situ heavy metal fixation of mining wastes and 
contaminated soils. 
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Study on Leaching Hexavalent Chromium from Cement Treated Soil to the Surrounding Ground 
 
Kazushi Furumoto, Nobuyuki Tsuneoka and Hirotoshi Mori, Public Works Research Institute, 1-6 
Minamihara, Tsukuba-city, Ibaraki, Japan, Tel +81-(0)29-879-6767, Fax: +81-(0)029-879-6798  
 
Hexavalent chromium can be leached from cement treated soil made by mixing soil with cement. 
Rainwater seeps through the shallow cement treated soil layer, leaching its hexavalent chromium and 
carrying the leached hexavalent chromium into the surrounding ground. Numerical analysis simulation 
predicts the effects of the hexavalent chromium on the surrounding ground. This paper reports the results 
of the testing of input values and parameters needed to perform numerical analysis. A column water 
pass-through test was performed to find the leaching value of hexavalent chromium that is a value input 
to the numerical analysis, confirming that it is possible to define the relationship between the leaching 
value and seepage quantity. As for the retardation coefficient that is a parameter for the numerical 
analysis, the large soil tank test was performed. A 30cm layer of cement treated soil with confirmed 
leached hexavalent chromium was placed above a 90cm thick sandy layer on the tank's bottom. Rain 
water was poured on it, seepage water taken from the sandy ground 20cm and 40cm below the cement 
treated soil, and its hexavalent chromium concentration measured. The same model as in numerical 
analysis was compared with results of calculations using a retardation coefficient obtained from batch 
testing. The retardation coefficient of the sandy ground in the soil tank was estimated by identifying the 
measurement results from the soil tank test by numerical analysis. A comparison of the numerical 
analysis results and the large soil tank experiment revealed that the results of both conform closely if the 
retardation factors are equal. 
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Heavy Metal Content of Soils on Karstic Area in North Hungary 
 
Ilona Kevei-Bárány, Head of Department of Climatology and Landcsape Ecology, University of Szeged, 
P.O. Box 653, 6701 Szeged, Hungary, Tel: (36)-62-544-157, Fax: (36)-62-544-158 
Email: keveibar@earth.geo.u-szeged.hu 
Rita Kaszala, PhD student, Department of Climatology and landscape Ecology, University of Szeged, 
P.O. Box 653 , 6701 Szeged, Hungary, Tel: (36)-62-544-157, Fax: (36)-62-544-158 
Email: rita@geo.u-szeged.hu 
 
Karst areas have specific karstecology system and on that system the soil plays important role in the 
relationship of the clime-host rock and the greenery. For this knowing the state of the soil is 
indispensable. 
The karst development and karstic frame at the surface and close to the surface result the interferences 
the carbonated rocks and water. The procession takes place mostly at the surface of the rocks and the 
aggregation soil of the burnst which effects shallow soil layer. This involves that the properties of the soil 
claim on the process of the karst development and settle the whole dynamic of the running. 
The sample area is situated on the Northern part of Hungary, the South western part of the National Park 
of Aggtelek. It is the catchment basin of the Béke-cave. The Northern part of the area Trias limestone 
comes up to the surface, for this called it uncovered karstic area. Get on south, this Trias limestone goes 
to the deep, and on this rock settle sediment in the age of pannon. We can observe this duality on the 
developed soil at parent material. The northern part of the area you can find mainly reddish tone 
remained soils which are rich in clay minerals, and brown forest solis. On the other hand the covered 
karstic area we can find bright, yellowish-brown colored soils, contain loam and sand (remain like terra 
fusca).  
As the soils which can be found at the area are other types, as follows that the primal properties are also 
different. The organic matter and the clay mineral content of the soil influent the metal bound capacity. 
The pH value is also an important indicator of the state of the soil.    
The poster shows some result of experiment which search the relationship between the soluble and the 
complexed heavy metal content of the soil and the pH value together with the amount of the macro- and 
microelements which can get into the greenery. 
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Soil Pollution by Heavy Metals from Transport Systems in Lithuania 
 
Evelina Kliaugiene, Vilnius Gediminas Technical University, Department of Environmental Protection, 
Sauletekio al. 11, Vilnius, LT-2040 Lithuania, Tel: +37052744725, Fax: +37052744731 
Pranas Baltrenas, Vilnius Gediminas Technical University, Department of Environmental Protection, 
Sauletekio al. 11, Vilnius, LT-2040 Lithuania, Tel: +37052744723, Fax: +37052744731 
 
The main objectives of this research are investigations of the environmental impact of pollution caused by 
the transport sector in Lithuania; evaluation of environmental impact of transport sector on soil; 
preparation recommendations for the reduction of impact on soil. The object of this research is the 
environmental impact of the Transport system (motor and railway transport sectors) on soil. The motor 
and railway transport sectors are the main sources of pollutants in Lithuania. Therefore these two sectors 
are under the more detailed research than the other two – air and water transport sectors. The main goals 
of this research are the environmental impact of motor and railway transport sectors on soil (topsoil). The 
most important thing in this program is to set the sample net and to choose the right method of collecting 
the soil samples. The whole territory of Lithuania was divided into the areas where the environmental 
impact of motor and railway transport sectors on soil is the most intensive. Some other areas were 
selected where the pollution impact is the lowest, for the purposes to compare polluted and not polluted 
areas. For evaluation of pollution caused by the motor and railway transport, the soil samples were 
collected across the road or railway, and each profile of samples contained about 12-14 samples 
depending on the relief. One sample was composed of five sub-samples collected according to the 
“envelope” principle. After transportation of the topsoil samples to the laboratory the following analytical 
method was used AAS. Heavy metals (Zn, Co, Cr, Ni, Cu, Pb, Mn) were analyzed for the purposes to 
evaluate the composition of contaminants in the topsoil. Following conclusions could be made after the 
interpretation of the results. Some of them are: substances emitted are exposed to various aerodynamic 
and gravitation forces resulting in their separation and, depending on their physical and chemical 
properties, they settle selectively on the soil surface at different distances from the road surface. The 
main amount of heavy metals is settling on the soil surface in the narrow limited zone of the highway 
itself, its slopes and ditches. On the railways, the heavy metals are settling in the narrow zone next to the 
tracks depending on relief conditions. 
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The Biosolids Digestion Treatment Reduces Potentially Toxic Elements Availability in Soils and Maize 
Uptake  
 
Raúl S. Lavado, Facultad de Agronomía, Universidad de Buenos Aires, Av. San Martín 4453, 1417 
Buenos Aires. Argentina, Tel: 54 11 4524-8022, Fax: 54 11 4524-8076, Email: lavado@agro.uba.ar 
Mónica Rodríguez, Facultad de Agronomía, Universidad de Buenos Aires, Av. San Martín 4453, 1417 
Buenos Aires. Argentina 
Miguel A. Taboada, Facultad de Agronomía, Universidad de Buenos Aires, Av. San Martín 4453, 1417 
Buenos Aires. Argentina 
 
Sewage sludge could be applied without any previous treatment (non digested biosolids - ND) to soils or 
applied after it has been subjected to physical, biological and even chemical treatments (digested 
biosolids - DB). Due to a few interactions among elements with organic and inorganic surfaces, we 
hypothesized that ND have more potentially toxic elements (PTE) available than DB. Our objective was to 
quantify the soil availability of 6 PTE, and its uptake by a crop in a soil applied with digested and non 
digested biosolids. Six field experiments were carried out on farms located in the north of Buenos Aires 
province, Argentina. The crop was maize and the soils were Typic Argiudolls. The treatments were ND 
and DB. Cadmium (Cd), Chromium (Cr), Copper (Cu), nickel (Ni), lead (Pb) and zinc (Zn) were 
determined in biosolids, in soils (EDTA extractable and total contents), and in maize (aerial biomass -
leaves and shoots- and grains). The PTE were determined with ICP. No biosolid sample exceeded the 
regulations for agricultural usage. Concentrations of Cd, Cu, Pb and Zn were similar in both biosolids but 
ND have higher concentrations of Cr and Ni. Soils which received ND showed higher contents of 
extractable Zn and Cu and total Cr, Zn and Cu. Maize aerial biomass exhibited higher concentrations of 
Cd, Cr, Cu and Zn. In maize grains only Cd was significantly higher. Pb showed no differences in any soil 
or crop component. The results obtained partially support the proposed hypothesis: The concentration of 
Cu and Zn was higher in soils and maize plants, and that of Cd in grains, when plots received ND.  
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Study on Chromium Contaminated Soils and Waters around a Chromate Factory 
 
Yilian Li, Wuhan University, China & China University of Geosciences(Wuhan), China Wuhan City, China 
430072, Tel: 86-(0)27-87481050, Fax: 86-(0)27-87801763, E-Mail: yl.li@cug.edu.cn 
Yanxin Wang, China University of Geosciences, Wuhan City, China 430074 
 
This study was conducted to find how the soils and waters, including suface water and ground water, 
have been seriously contaminated by chromium which comes from a chromate factory. Survey on the 
contamination of chromium shows that the soils around the dichromate-producing factory can not grow 
vegetables and fruit trees, the highest chromium VI in soil reachs 115mg per 1 kg soil. In surface water, 
the chromium VI ranges from o.1 mg/L to 1500 mg/L. And the chromium can reach up to 5 mg/L even in 
groundwater. Detailed investigation was carried out on terrain and hydrogeological conditions and source 
of contaminant in the site of chromate factory and shows that the leaching of chromate tailing caused by 
weathering and rain was carried to the adjacent soils and surface water around the site of factory. The 
character of hydrogeology of the factory site indicates that the groundwater is highly vulnerable to 
chromate contamination. What’s more, a tailing was placed at a mountain valley that chromium easily 
entries into a large aquifer and make it contaminated. At the same time, the authors attempt to mitigate 
chromium pollution of continuous runoff and leak of tailing by designing an annular barrier to surround the 
factory. The materials of barrier, such as iron, zeolite, coal gangue and organic materials, were tested to 
remove chromium from dichromate water. Experiments show that a sequence these materials could be a 
good method to prevent chromium pervading to soils waters and much cheaper than any others.       
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Modified In Vitro Method for the Determination of Lead and Arsenic Bioaccessibility 
 
James F. Occhialini, James C. Todaro and Joseph Clements, Alpha Analytical Labs, Eight Walkup Drive, 
Westborough, MA 01581, Tel: 508-898-9220 
 
The authors present and discuss the analytical results obtained using a modification of the 
Solubility/Bioavailabilty Research Consortium’s In Vitro Method for Determination of Lead and Arsenic 
Bioaccessibility.  Method modifications are described together with an overview of the observed 
reproducibility and sensitivity of the modified procedure.  An extended series of sample replicates are 
analyzed for both total and bioaccessable lead and arsenic, with conclusions and additional 
recommendations presented. 
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Peculiarities of the Heavy Metals Speciation in the Background and Polluted Soils of Russian 
Plane 
 
Leonid V. Perelomov, Tula State University, Department of Biology and Medicine, 300600, Lenin Avenue, 
92, Tel: 007-0872-35-57-57, Fax: 007-0872-33-13-05, Email: perelomov@rambler.ru 
 
The heavy metals speciation has been studied by sequential extraction procedure of Tessier et 
al. (1979) in the background and polluted acidic soils as well as in the model experiments with 
addition of the soluble salts of lead and zinc. The method parts metals into five fractions: 
exchangeable, bound to carbonate (or specifically adsorbed ions bound to other acid-soluble 
phases), bound to Fe-Mn oxides, bound to organic matter and residual. The exchangeable 
fraction is considered to be the most mobility and bioavailability, and residual fraction the least, 
with the other fractions having intermediate degrees of mobility. Grain size and chemical 
composition of parent rocks and participation of elements in the biogeochemical cycles 
determine fractional composition of the heavy metals in the unpolluted soils. The dominant 
forms of Mn and Pb are Fe-Mn oxides; the greater part of Zn is accumulated in the structure of 
primary and clay minerals of residual fraction. There is equilibrium between different forms of 
the metals in the background soils. The fractional composition of the heavy metals in the 
polluted soils is contrasted with unpolluted soils. Anthropogenic combination of the metals is 
thermodynamically instability and their transformation proceeds through soluble phase. 
Therefore Mn, Zn and Pb are accumulated in the mobile fractions in the high-polluted soils. 
Sequential extractions demonstrated that after 1, 3 and 12 month of treatments of high 
concentrations of lead and zinc (500-1000 mg/kg) the majority of metal is accumulated in the 
exchangeable fraction. The increase of the phyto-available exchangeable fraction has been the 
cause of toxic levels of metals in the plant tissues. Thus anthropogenic combinations of heavy 
metals are accumulated in the mobile forms in the high-polluted acidic soils and are able to 
remain in the mobile forms for months and years. 
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Health-ecological Investigation of Soil Pollution with Heavy Metals and Arsenic in a Metallurgical 
and Ore Output Region 
 
Al Spasov, National Center of Hygiene, Medical Ecology and Nutrition, 15, Dimitar Nestorov Str., Sofia, 
Bulgaria, Tel/Fax: 003592594120 
M. Sidjimov, National Center of Hygiene, Medical Ecology and Nutrition, 15, imitar Nestorov Str., Sofia, 
Bulgaria, Tel: 0035998866785 
 
The investigation is executed in a central Bulgarian region with both well developed 
agricultural and metallurgical activities. The agricultural land is approximately 38700 
decares. Geographically the region is estimated as closed valley with dominating winds 
into south-west and south-east direction. The survey of the heavy metal soil pollution is 
executed in the south-west part of the valley, characterized with high density of ore-
dressing factories and landfills for industrial hazardous wastes. Executed is collection of 
soil samples and analysis of probes from 4500 decares including agricultural land and 
three living areas, two of the last situated 1000m to the north-east (Chavdar village) and 
south (Benkovski village) from the landfill for industrial wastes. Determined are the 
following average concentrations for heavy metals: lead - 110mg/kg soil; copper – 
280mg/kg; zinc – 130mg/kg; cadmium – 0,75mg/kg; arsenic – 18mg/kg. Studied is also 
the heavy metals content in plants.  
  
The soil and plant pollution in the region is realized mainly through the aerosol pathway. Proved is the 
existence of possibilities for dispersion of dust particles, coming from the landfill for industrial wastes. 
Analysing the morbidity rate for the region for groups of the population (children and adults), found are 
respiratory and allergic disturbances to be with higher frequency rate compared with the average data for 
the country. 
 
The general conclusion of the achieved results proves that the pollution of the soils comes primarily from 
the found 12 km in east direction non-ferrous ore-dressing and metallurgical plant. The correlation 
between the soil pollution and the morbidity of the population allows the creation of prophylactic programs 
including change in the land used for agricultural purposes, sowing only definite plant cultures and some 
other measures aiming at limitation of the health risk.        
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Remediation of Lead Contaminated Soil Using Physicochemical and Phytoremediation Technique: 
Experience from South West Nigeria 
 
M. K. C. Sridhar, M.Sc., Ph.D., J. O. Etaghene, B.Sc., MPH, Division of Environmental Health, 
Faculty of Public Health, College of Medicine, University of Ibadan, Ibadan, Nigeria 
Phone: 234-0803-727 3836; Email: mkcsridhar@yahoo.com 
G. O. Adeoye, M.Sc., Ph.D, Department of Agronomy, University of Ibadan, Ibadan, Nigeria 
 
A lead-acid battery manufacturing Industry in Ibadan (south west Nigeria), dumped unspecified amounts 
of its wastes in a nearby village, Olodo several years ago. Consequently, there were reports of damage to 
crops, poultry, aquatic life and abortions in goats grazing in the area. The community alerted the State 
Ministry of Environment who confirmed the toxic effects of the wastes and advised the neighboring 
communities to keep off the dumpsite environment. This study was undertaken to evaluate the lead levels 
in the soil and to remediating the soil using physico-chemical and biological methods. 
 
Varying concentrations (0.01 - 0.15M) of citric acid, sodium potassium tartrate and disodium ethylene 
diamine tetraacetic acid (EDTA) were tested for their ability to leach lead from the contaminated soils. 
Physical remediation involved mixing the contaminated soil with relatively clean soil in varying proportions 
to reduce the lead to acceptable levels of 15 – 30 mg/kg. Phytoremediation was carried out by growing 
sunflower (Helianthus annuus) plants in the greenhouse and in a completely randomized design with nine 
replicates. The phytoremediation incorporated six levels (0, 1.5, 2.5, 5.0, 10.0 and 20.0 tons/hectare) of 
organic manure (OM), to improve the fertility of the. Sieved uncontaminated composite soil from Olodo 
served as control. At 30 and 60 days, sets of 3 plants from each level of OM and the control were 
harvested and their fresh weights, dry weights and lead levels were determined. 
 
The levels of lead in the topsoil were found to be 39.4 - 9652.0 mg/kg as compared to the subsoil (13.8 - 
5110.0 mg/kg). The topsoil of the control soils in the same location showed 0.031mg/kg lead while that of 
the subsoil was not detectable. Single extraction with 0.15M citric acid removed 57.6% lead at pH 5.2, 
tartrate (0.15M) removed 38.7% lead at pH 9.1 while 0.15M EDTA removed 61.2% lead at pH 7.3. Two 
extractions with EDTA, three extractions with citric acid and 4 extractions with tartrate were required to 
reduce the lead content of the soil to acceptable and safe levels. Physical remediation revealed that the 
contaminated soil requires a 1:1000 mixing with relatively clean soil to reduce its lead content from 
7705.5 mg/kg to 31.03 mg/kg. At 60 days, OM level of 20 tons/ha produced plants with the highest dry 
weight (22.6g) while that of the control was 15.0g. At all levels of OM, root tissue concentrations of lead 
were highest, 31.0- 139.8 mg/kg compared to 14.3 - 46.4 mg/kg and 0.012 - 0.38 mg/kg found in leaf and 
stem, respectively. The greenhouse experiments when translated to plot experiments confirmed that 
excavation of the topsoil, enrichment with organic manure and application of phytoremediation were 
found to be a feasible in remediating the lead contaminated soil. 
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Continuous Biosorption of Pb, Cu and Cd by Phanerochaete chrysosporium in a Packed Column Reactor 
 
K.Pakshirajan and T.Swaminathan, Department of Chemical Engineering, Indian Institute of Technology 
Madras, Chennai, Tel.: 091-44-22578222, Fax.: 091-44-22570509 
 Email: tswami@che.iitm.ac.in 
 
The wide spread use of metals and chemicals in the processing industries has resulted in the discharge 
of aqueous effluents in large quantities. These very often contain high levels of heavy metals, which also 
pose serious environmental problems. Apart from metal processing industries, mining, coal-fire powered 
generation plants and extractive metallurgical operations generate huge volumes of toxic liquid wastes. 
The conventional physico-chemical methods such as chemical precipitation, ion exchange or reverse 
osmosis for controlling heavy metal discharge into the environment can be both expensive and 
sometimes not very effective. Biosorption, however seems to be a good alternative both in terms of 
reducing the cost of the process and also in meeting the discharge limits.  
 
The dynamic removal of lead, copper and cadmium in a single component system by Phanerochaete 
chrysosporium was studied in packed column reactors. The packed column consisted of biomass of 
P.chrysosporium immobilized on polyurethane foam cubes. The performances of packed columns were 
described through the concept of breakthrough and the values of column parameters predicted as a 
function of bed depth. The column biosorption data were evaluated in terms of maximum (equilibrium) 
capacity of the column, the amount of metal loading and the yield of the process. The maximum 
capacities for lead, copper and cadmium were 70.7, 43.7 and 70.8 mg respectively and their yields were 
39.2, 40.6 and 41 % respectively. The kinetic and mass transfer aspects of the dynamic removal of the 
three metals were studied using several mathematical models commonly used to describe the column 
performance in adsorption processes. Column studies showed good agreement between the 
experimental data and the simulated breakthrough curves obtained with Adams-Bohart or the Wolborska 
model and the Clark model. While the initial segment of the breakthrough curve was defined by the 
Adams-Bohart and Wolborska models, the whole breakthrough curve was well predicted by the Clark 
model for all the three metals studied. 
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Sorption of Zinc in Bentonite, Illite and Kaolin Clay Using Column Leaching Tests  
 
Maria Antonia Tanchuling, Mohammod Ruhul Amin Khan  and Osamu Kusakabe, Tokyo 
Institute of Technology, 2-12-1 Ookayama, Meguro, Tokyo 152-8552 Japan, Tel: 81-3-5734-
2798, Fax: 81-3-5734-3578 
 
Sorption is an important contaminant transport process with special significance in retarding the 
movement of contaminants. Determination of the capability of a clay liner to attenuate contaminants is 
necessary for the proper design of waste containment sites. The sorption process in clay can be 
investigated using the column leaching test where a solution with a constant concentration is made to 
leach through a normally consolidated clay layer. In this study, three column tests were conducted using 
three different kinds of clay in each test. Bentonite, illite and kaolin clay were used as the sorbent material 
and zinc nitrate solution was used as the contaminant made to leach through the clay layer. After each 
column test, the amount of zinc retained in the layer was measured using acid digestion. Results show 
that the amount of zinc retained in the clay decreases as the distance from the source of contamination 
increases. Comparing the three kinds of clay, bentonite shows the highest attenuating capacity while 
kaolin clay has the least capacity to retain zinc. Batch equilibrium tests were also conducted, and for the 
range of concentrations used, non linear adsorption isotherms were formed. Comparing the results of the 
batch tests with the column leaching tests, it can be shown that batch equilibrium tests overestimate the 
attenuation capacity of the soil.  
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Removal of Heavy Metals from Sewage Sludge used as Soil Fertilizer 
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The sewage sludge with heavy metals contents as follows (mg/kg): Cd-3.43; Co-5.25; Cu-131; Fe-51300; 
Mn-177; Ni-37.5; Pb-104; Zn-3300 was examined. Metals speciation by sequential extraction according to 
Tessier and Rudd and procedure recommended by European Community Bureau of Reference (BCR) as 
well as analysis of chemical forms of metals were carried out. It was found that Zn content only is higher 
than the value permissible in sewage sludge for agricultural application (2500 mg/kg). The good 
agreement of results obtained by Tessier and BCR procedures was observed. Comparison of sequential 
analysis and analysis of chemical forms of metals indicates that the sum of metals contents in the 
exchangeable, carbonate and bound to Fe/Mn oxyhydroxides forms of metals (found by Tessier and BCR 
analysis) corresponds to the sum of sulfate, oxide, metallic and siliceous forms. From the other hand the 
content of form bound to organic matter or sulfides corresponds to sulfide form while the residual 
corresponds to ferrate form. Preparatory extraction of metals from the sewage sludge using sodium salt of 
ethylenediaminetetraacetic acid, sodium pyrophosphate(V) and ammonia water has also been 
investigated. As far as the examined leaching agents are concerned EDTA-Na appeared to be the best. 
Single leaching with this agent results in metals contents as follows (mg/kg): Cd-1.1; Co-2.1; Cu-105; Fe-
17700; Mn-28.3; Ni-12.8; Pb-44; Zn-1200. These contents meet requirement of sewage sludge  used as 
soil fertilizer  according to Polish regulations. 
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Applied Biosciences has developed the ABMet™ microbial bioprocess for the removal of metals and 
inorganics from industrial and other waters.  The ABMet™ process uses short retention times and site-
optimized microbial cultures and nutrient blends and has demonstrated removal of As, Se, Cu, Ni, Zn, Hg, 
Cd, Cr, Te, NO3, CN, and NH3.  These bioprocesses can be implemented in pump and treat and semi-
passive systems.  Biological processes result in 1,000 to 10,000 times less sludge than conventional 
chemical treatments.  Current biological treatment systems range from 2 gal/min to 30 gal/min at pilot 
scale to over 300 gal/min at full scale.  Larger treatment systems are also practical – treatment systems 
up to 10 million gal/day are currently under evaluation.  Bioprocess retention times depend on 
contaminant levels and water chemistry, but range in time from 4 to 24 hours for contaminant removal to 
below detection.  The ABMet™ bioprocess uses low-cost, balanced nutrients that range in cost from 
$0.12 to $0.52 per 1,000 gallons treated, at full-scale.  These metal and inorganic removal bioprocess 
technologies have been validated through various pilot and full-scale implementations and through the 
EPA’s Mine Waste Technology Program.  Case studies present quantity and quality of water treated, 
reagents used, minimal pretreatment requirements, water quality inputs, discharge water quality, process 
costs, and process benefits. 
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Metals Remediation Compound (MRC™):  A New Slow-Release Product for In Situ Metals Remediation 
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Contamination of groundwater by metals has not been widely addressed by engineered in situ 
remediation technologies, despite the documentation of metals contamination at greater than 50% of sites 
from the National Priorities List and at Department of Defense and Department of Energy locations.  
Metals Remediation Compound (MRC™) is a slow-release metals remediation product that removes 
dissolved metals from groundwater via in situ immobilization (precipitation and/or sorption to soil 
particles).  The immobilized metals are stable under reducing conditions and may be stable under 
oxidizing conditions, depending on the identity of the metal.   
 
MRC is an ester of an organosulfur compound with a carbon backbone compound.  The organosulfur 
compound is slowly released when MRC’s ester bonds are cleaved upon injection into an aquifer via 
hydrolysis and/or microbial enzymatic  action.  The organosulfur moiety interacts with metal cations or 
anions forms, either to complex them or to reduce them and complex them sequentially.  These 
complexes are adsorbed onto soil, filter media, or other solid supports.  The release rate of the 
organosulfur compound from MRC is similar to the release rate of lactic acid, an electron donor and 
carbon source for reductive dechlorination, from polylactate polymers like Hydrogen Release Compound 
(HRC®).  This characteristic makes MRC an excellent compound for use with HRC at sites where 
chlorinated solvents and metals exist as co-contaminants.   
 
MRC was tested for removal of arsenic as arsenate (As in the +5 oxidation state), chromium as 
chromate (Cr in the +6 oxidation state), and copper (Cu) mixtures from groundwater in 
horizontal soil column experiments.  Additional experiments were performed with cadmium (Cd), 
mercury (Hg), and lead (Pb).  For both mixtures, dissolved metal concentrations were reduced 
from input concentrations (4 to 100 mg/L) to non-detect (10 to 100 μg/L) within 6 days for Cd, 
Hg, Pb, and Cu; 13 days for Cr; and 30 days for As.  After 27 days of operation, three pore 
volumes of water exposed to oxygen were flushed through the ASV for 30 days, and no metals 
were remobilized to the aqueous phase.   
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Modeling Poster Session 
 
Modeling Trichloro-Benzene Desorption at the Eastern Woolen Mills Superfund Site 
Myron I. Kuhlman, MK Tech Solutions, Inc., Houston, TX 
Ian T. Osgerby, US Army Corp of Engineers, Concord, MA 
 
Application of Flow and Transport Optimization Codes to Groundwater Pump and Treat 
Systems   
Kathleen Yager, U.S. EPA, Technology Innovation Office, North Chelmsford, MA 
Dave Becker, U.S. Army Corps of Engineers, Hazardous, Toxic, and Radioactive Waste Center of 
Expertise, Omaha, NE 
Karla Harre, U.S. Navy, Naval Facilities Engineering Service Center, Port Hueneme, CA  
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Modeling Trichloro-Benzene Desorption at the Eastern Woolen Mills Superfund Site 
 
Myron I. Kuhlman, MK Tech Solutions, Inc., 12843 Covey Lane, Houston, TX 77099, Tel: 281-564-8851, 
Fax: 281-564-8821  
Ian T. Osgerby, US Army Corp of Engineers, New England District, 696 Virginia Road, Concord, MA 
01742-2751, Tel: 978-318-8631, Fax: 978-318-8663  
 
Hot-air vapor extraction has been used to desorb both volatile and semi-volatile chemicals from 
subsurface or excavated soil. At the Corinna, Maine Superfund Site, 1,2,4 trichlorobenzene (b.p. 213°C) 
and other chlorinated solvents in river sediment were to be desorbed.  However, dry, hot-air injection had 
not achieved the remediation goals after two weeks of heating because the vapor pressures of the 
chemicals were reduced by adsorption on the dried soil.  This phenomenon is the result of the less polar 
chemical being adsorbed to replace water that had been hydrogen-bonded to the surface.  For instance, if 
the soil contains only enough moisture to cover 5% of the surface, the chemical's vapor pressure is less 
than 0.5% of that expected for a moisture content corresponding to 95% of a monolayer.  Moisture 
equivalent to 95% of a monolayer is about 5% soil moisture.  Therefore, the process had to either be 
operated with a controlled humidity or at a very high temperature.    
 
STARS, a well proven oil-field thermal simulator developed by CMG, Ltd of Calgary, Alberta was used to 
model and optimize the Corinna desorption process.  A three-component model of the adsorbed SVOC 
was used.  In this model, the SVOC could have a vapor pressure as high as its textbook value, or it could 
be reduced by as much as a factor of several million.  The vapor pressure reduction is dependent on the 
water saturation in the soil pile.   
 
The model was used to help select day-to-day operating conditions in the early stages of the project and 
showed the soil could reach the desired cleanup criteria if it was held above 140°F without drying out for 
one week.    If the soil was not kept moist, it would have had to be heated to over 320°F to be cleaned in 
seven days.  The thermal insulating properties of dry soil and condensation of vaporized materials in 
cooler portions of the pile make decontamination with hot dry air problematical.  Simulations like this 
example are invaluable in designing and optimizing remediation projects.  
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With the recent focus on lowering the operating costs of environmental remediation systems, including 
groundwater pump and treat systems, there has been increased interest in automated approaches to 
optimization.  This project evaluates the benefits and utility of contaminant transport modeling 
optimization algorithms, operable on desktop computers, against traditional  (“trial and error”) modeling 
approaches.  The transport optimization approach requires a well-calibrated groundwater flow and 
contaminant transport model.  Three pump-and-treat facilities with varying site characteristics were 
selected for inclusion in the project.  Three separate optimization formulations (each formulation 
considers a different cleanup/pumping strategy) were developed for each facility, and solved by three 
modeling teams (two using optimization algorithms and one applying trial and error).  The results clearly 
indicate that mathematical optimization methods are able to identify solutions better than those obtained 
using trial-and-error approaches. The solutions found were 5% to 50% better (measured using optimal 
objective function values), with an average improvement of about 20%.  As the complexity of the site 
increased, more cost savings were obtained.  Potential savings are substantially greater than the 
incremental cost of applying mathematical transport optimization over a more traditional trial-and-error 
approach, estimated to range from zero to $40,000.  The challenges in applying optimization algorithms 
increased with the complexity of the site, with the greatest challenge being the computational 
requirements of the optimization algorithms.  If a single optimization run were set up to solve the entire 
problem as formulated, many thousands of simulation runs would be required and the computational 
times would be prohibitive. Instead, the teams employed sequential solution approaches, in which some 
parts of the problem were fixed while others were optimized. The teams also considered fixing one 
parameter, such as flow, and optimizing the locations, then using these locations, optimizing the flow 
rates.  These approaches require substantial expertise and effort to use effectively. 
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In the absence of empirical data, there are several approaches used to estimate uptake of metals, 
explosives, and propellants by plants and exposures to higher trophic level organisms.   The most 
commonly applied approach for metals used for Ecological Risk Assessments (ERAs) is to apply uptake 
factors reported by Baes et al. (1984), EPA’s Combustion Protocol (EPA, 1998a and 1999a), or those 
derived by Oak Ridge National Laboratory (Bechtel Jacobs, 1998).  For organic compounds (e.g., 
explosives and propellants), the typical approach would be to use the regression from Travis and Arms 
(1988) based on the octanol-water partition coefficient.  Alternate approaches are also available, such as 
those from EPA's Sludge Rule (EPA, 1992), EPA’s Cement Kiln Dust Risk Assessment (EPA 1998b) and 
Fertilizer Risk Assessment (EPA 1999b).  These alternate approaches often result in different predicted 
media concentrations, which are propagated to different predicted exposures to receptor organisms.   
Unfortunately, many of these approaches do not take into account site-specific characteristics, such as 
soil type, soil particle distribution, organic carbon content, or complexing agents (such as iron, 
manganese, and phosphorous oxides) that can affect the bioavailability of the chemicals of concern.  
These approaches could be used as part of a screening evaluation to determine the important 
contributors to estimated risks, but in many cases, the use of site-specific information provides the most 
defensible estimate of potential risk to ecological receptors.  This paper will compare the model results 
with site-specific data from the Massachusetts Military Reservation on the uptake of metals, explosives, 
and propellants by ecological receptors and provide recommendations for methodology, sampling, and 
assessment approaches. 
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This is the first assessment of exposure to arsenic, barium, cesium, chromium, cobalt, iron, manganese, 
rubidium, selenium, and zinc from Bangladesh's drinking water, rice, and soil. The people of Bangladesh 
used to rely on surface water for drinking, which was often contaminated with bacteria causing diarrhea, 
cholera, typhoid, and other life-threatening diseases.  To reduce the incidences of these diseases, 
8,000,0000 to 12,000,000 tubewells were installed in Bangladesh since independence in 1971.  Today 
97% of Bangladesh's 137,000,000 people drink tubewell water.  This recent transition from surface water 
to tubewell water has significantly reduced deaths from water-borne pathogens; however, tens of millions 
of Bangladeshis are drinking water with unsafe concentrations of arsenic or manganese. Approximately 
49% of Bangladesh's area contains tubewell water with arsenic concentrations greater than the World 
Health Organization (WHO) 10 µg/L health-based drinking water guideline.  Similarly, approximately 50% 
of Bangladesh's area contains tubewell water with manganese concentrations greater than the WHO 500 
µg/L health-based drinking water guideline. There is sufficient evidence from human epidemiological 
studies linking increased mortality from skin, liver, colon, kidney, bladder, and lung cancers to drinking 
arsenic-contaminated water.  In addition, manganese is a known mutagen. The accumulation of 
manganese may cause hepatic encephalopathy. The chronic ingestion of manganese in drinking water is 
associated with neurological damage. The 500 µg/L WHO drinking water guideline for manganese was 
calculated using human exposures in Japan and Greece, and studies of various laboratory animals where 
neurotoxic and other effects were observed. Our study suggests 55%, 45%, 0.3%, and 0.0004% of 
Bangladesh's exposure to arsenic is from drinking water, eating rice (their main staple), ingesting soil, and 
inhaling soil, respectively. This study also suggests 18%, 81%, 0.8%, and 0.001% of Bangladesh's 
exposure to manganese is from drinking water, eating rice, ingesting soil, and inhaling soil, respectively. 
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Trichloroethene is among the most common volatile organic contaminants (VOCs) detected in 
environmental media at both publicly and privately owned sites undergoing environmental 
investigations.   It is a synthetic chemical historically used in the United States (U.S.) as a 
degreasing agent and extraction solvent.  A draft cancer slope factor recently published by the 
Environmental Protection Agency (EPA) indicates that it may be among the more potent of the 
carcinogens studied by the scientific community.  Unfortunately, VOC contamination in 
subsurface soils and groundwater has the potential to impact the indoor air quality of buildings 
overlying the contamination. However, many factors must be considered in the estimation of the 
potential for VOC migration and the existing EPA models used to evaluate this pathway are still 
under review. This paper presents a case study of a human health risk assessment conducted 
in support of a property transfer of a large, multi-acre Department of Defense (DoD) building 
overlying subsurface TCE contamination.  The case study presents the project objectives 
developed during the project planning process (i.e., the Data Quality Objective process) and an 
overview of the sampling and analytical protocol used to develop the exposure point 
concentrations for risk assessment (soil, groundwater, and soil gas samples were collected 
during the investigation).  Human health risk assessment protocols and results are provided. 
Recommendations are included, based on the results of the investigation and risk assessment, 
for the applicability of this type of investigation at similar sites.  Because numerous structures 
may be potentially impacted by subsurface VOC contamination, this case study will be of 
interest to regulatory agency and private/public sector groups involved in risk management and 
property transfer.   
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Risk-Based Management Strategies And Innovative Remedies For Surface Water Protection: A Case 
Study 
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Brian Ray, ENSR Corporation, Raleigh, NC   
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Risk-Based Management Strategies And Innovative Remedies For Surface Water Protection: A Case 
Study 
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Road, Suite 103, Raleigh, NC  27616, Tel: 919-872-6600, Fax: 919-872-7996 
 
Releases of chlorinated aliphatic hydrocarbons including trichloroethene have impacted soils 
and groundwater at a facility in the Piedmont of South Carolina. Migration of groundwater 
plumes from on-site sources has contaminated tributaries in drainage sub-basins surrounding 
the facility, where up to 4,600 μg/L trichloroethene were detected in surface waters. Studies and 
modeling of the stream flow and aquifer were performed to define interactions of groundwater to 
surface water and to facilitate selection of surface water protection remedies. 
Part of the groundwater plume migrates beneath a watershed divide and discharges into a 
storm water control system comprised of underground culvert pipes and a retention pond. 
Surface water studies on this system, combined with flow modeling, demonstrated that >99 
percent of chlorinated compounds in the pond and downstream tributary originate from 
infiltration of contaminated groundwater into piping upstream of the pond. A surface water 
protection plan was developed using a risk-based approach. This approach, which was 
approved by the state regulatory agency, proposed plume containment by the subsurface pipe, 
and in-situ treatment and mixing of water in the pipe and pond. Risk-based components of this 
remedy included fencing the pond to restrict access, developing wildlife-based water standards 
for the pond, and using health-based surface water standards downstream of the pond. A 
successful short-term pilot test was conducted using air diffusion and ozone injections for direct 
treatment of water inside the culvert pipe. 
For tributaries west and south of the site, the current remedy involves passive biological barriers around 
the tributaries using enhanced reductive dechlorination techniques. This treatment process is 
accomplished by injections of Hydrogen Release Compound® as a source of lactic acid for a substrate 
electron donor. Trichloroethene concentrations have been reduced in surface water and in the 
surrounding aquifer by 43-99 percent. Methods of optimizing the in-situ barriers are being evaluated. 
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Sequestration of PAHs from Contaminated Sediments by Treatment with Nonpolar Resin  
Yunzhou Chai, Louisiana State University, Baton Rouge, LA 
Alexander Kochetkov, Louisiana State University, Baton Rouge, LA  
Danny Reible, Louisiana State University, Baton Rouge, LA 
 
Metal Speciation Assessment in Contaminated Sediments- a Case Study  
Sunil G. Bhand, Birla Institute of Technology & Science, Pilani, India 
Kamal K. Chaturvedi, I.P.S. Academy, Indore, India 
 
Alternative Dispute Resolution Techniques At Sediment Cleanup Mega-Sites  
Loren R. Dunn, Riddell Williams P.S. , Seattle, WA 
 
Evaluation of Toxicity in a South Carolina Marsh Sediment Containing PAH and Metals 
Beth M. DuPlessie, AMEC Earth & Environmental,  Westford, MA  
Paul Anderson, Ph.D., AMEC Earth & Environmental,  Westford, MA 
Sue Matkoski, AMEC Earth & Environmental,  Westford, MA 
Mike Slenska, Beazer East, Inc., Pittsburgh, PA  
 
Risk-Based Remediation of Lead and Chromium Impacted Sediments in Lake Waban, 
Wellesley, MA: A Case Study 
Russell Schuck, Haley & Aldrich, Inc., Boston, MA 
Deborah Gevalt, Haley & Aldrich, Inc., Boston, MA 
Jennifer Mullen, Haley & Aldrich, Inc., Boston, MA 
Charles Menzie, Menzie-Cura & Associates, Inc., Chelmsford, MA  
Katherine Fogarty, Menzie-Cura & Associates, Inc., Chelmsford, MA 
 
Geotechnical/Hydrogeologic Factors in In Situ Contaminated Sediment Capping 
Robert D. Mutch, Jr., P.Hg., P.E., HydroQual, Inc., Mahwah, NJ 
Daniel K. Kearney, Brown and Caldwell, Allendale, NJ 
 
Setting Clean-up Objectives for Metals in Sediment   
Joanne H. Perwak, Shaw Environmental, Inc., Andover, MA 
Olaf Westphalen, Shaw Environmental, Inc., Andover, MA 
Arthur F. Eidson, Ph.D., Shaw Environmental, Inc., Houston, TX 
 
Microbial Degradation of Atrazine in Coastal Sediments: Distribution of Metabolites into 
Aqueous and Basic Fractions 
Kelly L. Smalling, University of South Carolina, Columbia, SC 
C. Marjorie Aelion, University of South Carolina, Columbia, SC 
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Velsicol/Pine River Sediment Remedial Action Case Study – Work In Progress 
 
Stephanie Ball, M.S. Environmental Engineering, U.S. Environmental Protection Agency, 77 W. Jackson 
Blvd, SR-6J, Chicago, IL. 60604-3590, Tel: 312-353-2315, Fax: 312-886-4071, Email: 
stephanie.ball@epa.gov 
Rob Stryker, M.S. Civil Engineering, CH2M HILL, 135 S. 84th St., Suite 325, Milwaukee, WI 53214, Tel: 
414-272-2426, Fax: 414-272-4408, Email: rstryker@ch2m.com 
Gina Bayer, B.S. Water Chemistry, CH2M HILL, 1767 Cold Spring Rd, Neenah, WI 54956 
Tel: 920-727-4717, Fax: 920-727-4721, Email: rbayer@ch2m.com 
 
In the early 80’s a Natural Attenuation remedy was chosen for the Pine River DDT-
contaminated sediments adjacent to the former Velsicol Chemical Company Site in St. Louis, 
Michigan. Fish tissue levels continued to rise, however, and an EPA emergency response 
removed a soft sediment hot spot in 1998-99. The 2003 construction season marks the 4th year 
of EPA sediment remedial action in the 30-acre Pine River Operable Unit 2. Excavation has 
been conducted in the dry, using a wall consisting of 3,500 linear feet of sheet piling to split the 
river in two and create manageable cells. An access road with twenty 7-foot diameter culverts 
was built to reach the other half of the river. Dewatering activities route the cell water to a 2,000 
gpd onsite treatment plant. A drying/stabilizing agent is added to the drained sediments, and 
they are excavated and disposed in an offsite landfill.  
The use of the dry excavation method at this site facilitated the discovery that the slurry wall 
around the 52-acre OU1 former plant site was failing, and DNAPL has migrated from OU1 into 
the glacial till underlying the river sediments. Adaptive change management handled the 
discovery of DNAPL without losing construction time. Approximately 3,000 gallons of DNAPL 
have been pumped from the river bottom. 300,000 cubic yards of sediment have been removed, 
and 1,200 linear feet of interceptor trench have been installed along the river bank to collect 
DNAPL migrating from the plant site. Laterals to the trench extend into the cells where residual 
DNAPL within the till was left in place due to proximity to lower water table. A clay cap was 
constructed over the areas with residual DNAPL to isolate the contaminants from the river. 
“Active cap” laboratory treatability studies testing BionSoil and zero-valent iron are planned for 
2003. 
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Sequestration of PAHs from Contaminated Sediments by Treatment with Nonpolar Resin 
 
Yunzhou Chai, Louisiana State University, Hazardous Substances Research Center 
South/Southwest, Department of Chemical Engineering, Louisiana State University, Baton 
Rouge, LA 70803m Tel:  225-578-4072, Fax: 225-578-1476 
Alexander Kochetkov, Louisiana State University, Hazardous Substances Research Center 
South/Southwest, Department of Chemical Engineering, Louisiana State University, Baton 
Rouge, LA 70803, Tel:  225-578-4072, Fax: 225-578-1476 
Danny Reible, Louisiana State University, Hazardous Substances Research Center 
South/Southwest, Department of Chemical Engineering, Louisiana State University, Baton 
Rouge, LA 70803, Tel:  225-578-6770, Fax: 225-578-1476 
 
A nonpolar resin (Amberlite XAD2) was used to sequester polycyclic aromatic hydrocarbons 
(PAHs) from laboratory- and field-contaminated sediments. Two sediments with different 
organic carbon content were inoculated with Phenanthrene, Pyrene or Benzo(a)pyrene and 
mixture of PAHs. Addition of XAD2 into contaminated sediments showed reductions in sediment 
concentrations of individual PAH more than 90% for Phenanthrene and Pyrene, and 40% for 
Benzo(a)pyrene within 24h. Within 336h, sediment concentrations of PAH decreased by more 
than 95% and 70% respectively. The decrease of PAHs concentration in sediment is expected 
to result in a corresponding decrease in biavailability and uptake of the PAHs based upon other 
experiments in our laboratory. The results suggest that XAD2 may prove to be effective for the 
remediation of sediments contaminated with PAHs. The paper will present removal rates, 
desorption kinetics and competitive effects of the contaminants between XAD2 and the 
sediments. Model results and bioaccumulation and toxicity tests will also be presented.  
 
 
 
 
 332
Metal Speciation Assessment in Contaminated Sediments- a Case Study  
 
Sunil G. Bhand, Birla Institute of Technology & Science, Chemistry Group, Pilani (Rajasthan) 333 031 
INDIA, Tel: +91 1596 245073 ext.273, Fax:+91 1596 244183, Email: sunilbhand@bits-pilani.ac.in 
Kamal K. Chaturvedi, I.P.S. Academy, A.B. Road Indore 452001 INDIA, Tel: +91 731 2576385, 
Email:kkmchaturvedi@yahoo.com 
 
Speciation of metals and their possible assimilation in the biota is of great significance. Metal speciation 
studies were carried out in the effluent channels of river Khan (Indore, India) in the vicinity of industrial 
discharge sites (Areas of Concerns AOCs) during 1997-98. Sequential extraction procedure was applied 
to determine speciation of contaminant metals in five fractions namely 1.exchangeable 2.carbonate 
3.reducible 4.bound to organics 5.reducible. Zn, Cr, Cd and Ni were identified as predominant metals in 
sediment phase. The overall metal fractionation followed the order; exchangeable Zn<Cr<Cd<Ni, 
carbonate Ni<Zn<Cr<Cd, Fe-Mn oxide reducible Cd = Ni<Cr<Zn and the fraction bound to organics 
Zn<Ni<Cd<Cr. Residual fractions were also determined. The AOCs were studied further under a long-
term monitoring and assessment programme. An integrated Sediment Quality Triad SQT approach was 
applied during 1999-2002 to determine physical, chemical and biological data of contaminated sediments. 
Based on these results quality criteria for sediments were derived within the impacted area. The 
bioaccumulation of contaminant metals in benthic fauna was evaluated [Bhand and Chaturvedi, 2000]. 
The metal accumulations in sediments of the AOCs were fingerprinted employing Multivariate Analysis 
MVA. The Chemometric fingerprinting of the AOCs might be useful in deciding a cost-effective 
remediation strategy within the area studied.  
 
Reference: Bhand S.G. and Chaturvedi K.K, ‘Trace elements in benthic diatoms from sediments -a case 
study of river Narmada, India. In 11th Annual International Conference on Heavy Metals in the 
Environment (2000) (J. Nriagu, Editor), Contribution #1214. University of Michigan, School of Public 
Health, Ann Arbor, MI, USA (CD-ROM) 
 333
Alternative Dispute Resolution Techniques At Sediment Cleanup Mega-Sites  
 
Loren R. Dunn, Attorney, Riddell Williams P.S., 1001 4th Avenue Plaza, Suite 4500, Seattle WA  98154 
Tel: 206-624-3600, Fax: 206-389-1708, Email:  ldunn@riddellwilliams.com 
 
The Pacific Northwest is at the forefront of developments in conducting large multi-party aquatic site 
cleanups.  A significant portion of the listed Superfund sites in the northwest are sediment sites in harbors 
or industrial waterways.  These have been some of most active sites in the northwest, and as a result, 
cleanup planning and implementation at a number of these complex sites is very advanced.  EPA, and 
the northwestern states, have actively supported the use of alternative dispute resolution (ADR) tools and 
systems to facilitate progress on these sites.  The regulatory agencies have invested considerable 
financial resources and staff time in encouraging potentially responsible parties (PRPs) to participate in 
agency sponsored ADR proceedings. 
 
The agencies have supported, and on occasion participated in funding, PRP convening activities, third 
party mediations, and non-binding arbitration activities.  In addition, they have, on occasion, exercised 
forbearance from negotiating with PRPs who refuse to participate in agency sponsored ADR processes.  
These ADR proceedings have given PRPs the chance to applyand use good (forensic) science not only 
to address the question of who should be responsible for what share of proposed cleanups, but also 
challenge, and to improve upon, previously proposed remedies. 
 
The agencies' support of theses procedures has been amply rewarded.  From examining a number of 
case studies, it can be determined that ADR proceedings have produced effective settlements for funding 
cleanup at a number of the major acquatic sites in the northwest region.  By securing adequate funding 
for performing the cleanups through the ADR process, the agencies have also been able to persuade key 
PRPs to take responsibility for performing the remedies.  A number of valuable lessons can be drawn 
from these ADR experiences for work yet to be done in other areas of the country and for natural 
resource damage assessment claims that are just over the horizon. 
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Evaluation of Toxicity in a South Carolina Marsh Sediment Containing PAH and Metals 
 
Beth M. DuPlessie, AMEC Earth & Environmental, 239 Littleton Rd. Suite 1B, Westford, MA 01886 
Tel:  978-692-9090 x302, Fax: 978-692-6633, Email: beth.deuplessie@amec.com 
Paul Anderson, Ph.D., AMEC Earth & Environmental, 239 Littleton Rd. Suite 1B, Westford, MA 01886, 
Tel:  978-692-9090 x223, Fax: 978-692-6633 
Sue Matkoski, AMEC Earth & Environmental, 239 Littleton Rd. Suite 1B, Westford, MA 01886 
Tel:  978-692-9090 x311, Fax: 978-692-6633  
Mike Slenska, Beazer East, Inc., One Oxford Centre, Suite 3000, Pittsburgh, PA 15219-6401 
Tel:  412-208-8867, Fax: 412-208-8869 
 
The relationship between survival and polynuclear aromatic hydrocarbons (PAH) and metals 
concentrations were evaluated using whole sediment toxicity tests performed with Mysidopisis bahia and 
Neanthes arenaceodentata. Tests were conducted using sediments collected in January 1999 and 
thereafter quarterly between April 2000 and April 2001 at seven locations within the PAH and metals 
impacted portion of the marsh, and at one reference location. The relationship between mortality and 
PAH and metals was evaluated by plotting the toxicity test results from all sampling locations and events, 
against PAH and metals concentration. In addition, correlation and linear regression analyses were 
conducted. Toxicity analyses indicated that both metals and PAH had lower toxicity to Neanthes 
arenaceodentata than to Mysidopisis bahia.  Further, the toxicity data provide strong evidence that PAH 
and metals concentrations that exceed commonly used sediment quality guidelines (SQGs) are not 
responsible for the observed toxicity in either test species, since, based on linear regression analyses, 
changes in PAH and metals concentrations explained less than 6% and 4%, respectively, of the variation 
in observed toxicity. Because the range of concentrations was greater than typical benchmarks, a 
stronger relationship between the chemicals and toxicity was expected. 
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Risk-Based Remediation of Lead and Chromium Impacted Sediments in Lake Waban, 
Wellesley, MA: A Case Study 
 
Russell Schuck, Haley & Aldrich, Inc., 465 Medford St. Suite 2200, Boston, MA 02129 
Tel : 617-886-7404, Fax : 617-886-7704 
Deborah Gevalt, Haley & Aldrich, Inc., 465 Medford St. Suite 2200, Boston, MA 02129 
Tel : 617-886-7333, Fax : 617-886-7633 
Jennifer Mullen, Haley & Aldrich, Inc., 465 Medford St. Suite 2200, Boston, MA 02129 
Tel : 617-886-7097, Fax : 617-886-7997 
Charles Menzie, Menzie-Cura & Associates, Inc., One Courthouse Lane, Suite Two, Chelmsford, MA 
01824, Tel : 978-453-4300  
Katherine Fogarty, Menzie-Cura & Associates, Inc., One Courthouse Lane, Suite Two, Chelmsford, MA 
01824, Tel : 978-453-4300, Fax : 978-453-7260 
 
Lake Waban sediments are impacted by lead and chromium due to past disposal practices of a former 
paint pigment factory operating along its shoreline from 1848-1928.  Sediment characterization studies 
and a detailed human health and environmental risk assessment were conducted to define receptors and 
develop risk-based remedial goals to address the contamination.  Based on the information obtained, a 
remedial plan was designed and implemented along a portion of Lake Waban to eliminate the identified 
significant risks.  The remedial action utilized a barge-mounted excavator outfitted with a proprietary 
environmental clamshell bucket, guided by a global positioning system integrated with software to provide 
the real-time data necessary for precise remedial dredging.  Samples were analyzed on site for lead and 
chromium using a field portable X-ray fluorescence analyzer (XRF) in near real time to guide the dredging 
operation, and verify that remedial goals had been achieved.  The project was a success as the 
innovative mechanical dredging technique minimized over-excavating while allowing the project team to 
achieve the goals of the remediation. 
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Geotechnical/Hydrogeologic Factors in In Situ Contaminated Sediment Capping 
 
Robert D. Mutch, Jr., P.Hg., P.E., Hydrogeology and Remediation Services, HydroQual, Inc., One 
Lethbridge Plaza, Mahwah, NJ 07430, Tel: 201-529-5151, Fax: 201-529-5728, Email: 
rmutch@hydroqual.com 
Daniel K. Kearney, P.E., Brown and Caldwell, 110 Commerce Drive, Allendale, New 
Jersey 07401 
Tel:  201-574-4700, Fax:  201-236-1607, Email: dkearney@brwncald.com 
 
In situ capping of contaminated sediments with low permeability capping materials, designed to 
restrict transport of contaminants through the cap, can pose significant challenges from a 
geotechnical and hydrogeologic perspective.  Low permeability capping materials, such as 
geosynthetic clay liners, clayey soils, granular bentonite, or the proprietary AquablokTM material, 
can, in reducing the advection of groundwater through the cap, concomitantly produce 
substantial uplift pressures.  These uplift pressures can, in some cases, ultimately result in 
destruction of the cap. Tidal fluctuations can be particularly problematic as a result of transient 
excess pore pressure that remains beneath capping materials during low tides. Placement of 
greater thicknesses of cap cover materials as ballast, while a remedy for cap uplift, increases 
cost and can prohibitively restrict channel cross-section. Capping-induced restrictions in 
groundwater discharge can also locally alter the hydrogeologic system as groundwater levels 
rise near the capped region.  Rising groundwater levels can manifest themselves as springs or 
seepage faces in areas never before subject to such phenomena. 
 
This paper examines the circumstances resulting in destructive uplift pressures using 
Visual MODFLOW to numerically model groundwater/sediment/cap interactions under a 
variety of common conditions, including: 
• Bank to bank sediment capping 
• Localized sediment capping 
• Application of geosynthetics 
• Minimal cap cover designs 
• Tidal fluctuations and other rapid river stage changes 
 
The paper also discusses various geotechnical measures to enhance cap stability, such 
as use of overburden materials as ballast, use of capping materials with greater 
submerged weight, and pore pressure control.  Extensive figures are employed to 
illustrate the findings of the numerical modeling. 
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Setting Clean-up Objectives for Metals in Sediment   
 
Joanne H. Perwak, Shaw Environmental, Inc., 3 Riverside Drive, Andover, MA  01810 
Tel:  978-691-2145, Fax:  978-691-2101 
Olaf Westphalen, Shaw Environmental, Inc., 3 Riverside Drive, Andover, MA  01810 
Tel:  978-691-2136, Fax:  978-691-2101 
Arthur F. Eidson, Ph.D., Shaw Environmental, Inc., 1430 Enclave Parkway, Houston, TX 77077 
Tel: 281-368-4416, Fax: 281-368-4506 
 
At a former industrial site, cleanup objectives were set using the results of sediment toxicity testing in 
order to limit the areas of wetlands and streams that would be disrupted. The ecological risk assessment 
included a comparison of sediment concentrations to benchmarks and toxicity testing of site sediment 
from various site locations using Hyallela azteca and Chironomid tentans.  It also included a qualitative 
survey of benthic organisms.  The conclusion of this evaluation was that sediment posed a risk to 
ecological receptors, primarily due to secondary effects of a reduction in the prey base (benthic 
community) on potential predators.  The contaminants of concern were chromium, copper, lead, and 
silver.  Evaluation of the site was conducted to specifically identify potential predators, including 
amphibians and aquatic birds.  In addition, a statistical evaluation of the sediment toxicity testing results 
was conducted using a survival model based on the survival ratio in four replicates of the five sediment 
samples.  The analysis of the survival model used SPLUS (2001) software.  This evaluation concluded 
that concentrations of chromium and copper were strongly correlated with toxicity, while concentrations of 
lead and silver were not.  The result of the statistical evaluation was a matrix of copper and chromium 
concentrations that would result in a given predicted toxicity.  This matrix was used to evaluate post-
remediation confirmatory samples to determine whether they were acceptable.  Thus, cleanup objectives 
for copper and chromium varied depending on the derived statistical relationship.  This approach 
successfully limited the area to be remediated, and provided an easy and flexible measure of completion. 
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Microbial Degradation of Atrazine in Coastal Sediments: Distribution of Metabolites into 
Aqueous and Basic Fractions 
 
Kelly L. Smalling, University of South Carolina, Department of Environmental Health Sciences, 800 
Sumter St. Room 311, Columbia, SC 29208, Tel: 803-777-2607, Fax: 803-777-3391 
C. Marjorie Aelion, University of South Carolina, Department of Environmental Health Sciences, 800 
Sumter St. Room 311, Columbia, SC 29208, Tel: 803-777-9122, Fax: 803-777-3391 
 
The fate and transport of pesticides in aquatic systems are facilitated to a large degree by physical, 
biological and chemical processes such as oxidation, sorption, volatilization, microbial degradation and 
photolysis.  Atrazine, a preemergent triazine herbicide has the potential to persist in the environment due 
to its slight water solubility and long half-life.  Deethylatrazine (DEA) and deisopropylatrazine (DIA), the 
two major microbial breakdown products, have been measured extensively in surface and groundwater.  
However, the production of DEA and DIA by native bacteria in aquatic systems exposed to recent 
development pressures has only recently been examined.  The biodegradation of atrazine was monitored 
in sediments collected from coastal South Carolina by examining the distribution into three chemical 
fractions over time.  Radiolabled 14C-atrazine was added to field collected sediments and allowed to 
incubate in the dark at room temperature for up to 80 days.  At each time point the sediment was 
extracted with an organic solvent (ethyl acetate: acetone) followed by an alkali hydrolysis reaction with 
NaOH.  Radioactivity was measured in the aqueous, organic and basic fractions using a liquid scintillation 
counter and a total percent recovery was calculated.  Also the identification of specific compounds in 
each fraction by GC/MS is on going.  Due to sorption to sediment organic matter after 80 days only 50-70 
% of the total added atrazine was recovered.  Of this, between 20 and 30 % of the activity measured was 
associated with the aqueous fraction indicating degradation to more water-soluble metabolites.  Another 
20-50 % of the remaining activity, depending on site, was associated with the basic fraction indicative of 
sorption of atrazine and/or its metabolites to sediment organic matter.  These results suggest that 
degradation and sorption account for the fate of greater than 80 % of the atrazine recovered in these 
coastal sediments. 
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Site Assessment Poster Session 
 
Integrated Assessment of Kuwait Bay: Identification of Sensitive and Hotspot Areas 
Abdul Nabi Al-Ghadban, Kuwait Institute for Scientific Research, Safat, Kuwait 
Amr el-Sammak, Kuwait Institute for Scientific Research, Safat, Kuwait 
 
Does Low-Flow Sampling Produce Representitive Groundwater Samples?  
James D. Doherty, Pennoni Associates, Inc., Hopkinton MA 
 
Passive Vapor Diffusion Sampling for Volatile Organic Compounds in a Bayou 
Tom Dragoo, Parsons, Denver, CO 
John Hicks, Parsons, Denver, CO 
John Tunks, Parsons, Denver, CO 
Raphael Vazquez, AFCEE/ERT, Brooks City-Base, TX   
Joy Lozano, Booz•Allen & Hamilton, San Antonio, TX 
 
Use of Innovative Packer Sampling and Geophysical Techniques for Groundwater and Bedrock 
Characterization 
Roger E. Huddleston, CH2M HILL, Chicago, IL   
Dakon Brodmerkel, CH2M HILL, Philadelphia, PA   
Andrew Judd, CH2M HILL, Parsippany, NJ 
 
Increasing the Accuracy of LNAPL Volume Determinations in the Subsurface 
Andrew J. Kirkman, The RETEC Group, Inc., St. Paul, MN 
 
A Practical Application of the Texas Risk Reduction Program at a DNAPL Contaminated Site 
Kiran K. Srinivasan, ENTRIX, Inc., Houston, TX 
Christina Robinson, ENTRIX, Inc., Houston, TX 
 
Increased Accuracy of Site Assessment using Passive Soil Gas Technology 
James E. Whetzel, W. L. Gore and Associates, Inc., Elkton, MD 
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Integrated Assessment of Kuwait Bay: Identification of Sensitive and Hotspot Areas 
 
Abdul Nabi Al-Ghadban Kuwait Institute for Scientific Research, P.O. Box 2488, Safat, 13109, 
Kuwait. Email: aghadban@kisr.edu.kw 
Amr el-Sammak, Kuwait Institute for Scientific Research, P.O. Box 2488, Safat, 13109, Kuwait, 
Email: asammak@kisr.edu.kw 
 
Kuwait Bay is an elliptically shape embayment that protrudes from the Arabian Gulf in westward 
direction at its northeastern corner. It covers an area of about 720 km2. Kuwait Bay has an 
exclusive behavior. It is a complicated small and semi-enclosed body of water that contains a 
variety of activities, has a complex ecosystem and multiplicity sedimentary environments. The 
aim of this study is to assess the status of Kuwait Bay based on an integrated approach. The 
system analysis method was performed which takes into account both environmental (natural) 
and socio-economic subsystems. This is also based on the statistical analysis of 10-years 
monitoring data on the bay, analysis of remote sensing images, previous studies and available 
information. 
 
Statistical analyses of the available data indicate that the bay can be divided into a highly 
stressed southern sector and a slightly stressed northern and northwestern sector. The 
southern zone receives pollutants from different activities such as power plants, industrial 
facilities, untreated sewage, port and transportations activities. The northern and northwestern 
zones are impacted by coastal erosion and pollutants entering via Shatt Al Arab. 
 
Based on the system analysis, a conceptual approach for sensitive and hotspot areas were 
identified. It comprises four zones that need different types of rehabilitation processes. The 
condition of each zone in term of types of activities and pollutants were identified. These zones, 
in order of priorities for rehabilitations, are: Suliabekhat Bay, Doha port, Shuwaikh port and 
northern and northwestern regions. It was concluded that Kuwait Bay needs better management 
program for sustainable uses of the bay. Enhancement of environmental capacity and numerical 
modeling for pollution discharge are important tools for sustainable development and 
management of the bay. 
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Does Low-Flow Sampling Produce Representitive Groundwater Samples?  
 
James D. Doherty, Ph.D., P.E., LSP, Pennoni Associates, Inc., 82 South Street, Hopkinton MA, 01748-
2205, Tex: 508-435-8080, Fax: 508-435-4351 
 
Low-flow groundwater sampling has been advocated by the U.S. Environmental Protection 
Agency (EPA) as well as by a number of state Environmental Protection Agencies as a means 
of collecting groundwater samples.  However, it is not clear that this sampling method always 
provides a representitive groundwater sample.  In some cases, traditional sampling methods 
where samples are collected by bailing 3 to 5 well volumes prior to collecting the sample may 
provide a sample that is more representitive of average site conditions.  One of the objectives of 
low-flow sampling is to draw groundwater directly from a small portion of the formation and 
minimize mixing of formation water with stagnant well casing water.  The EPA has 
demonstrated that the results of low-flow sampling can produce groundwater contaminant 
concentrations that vary by over a factor of 10 depending on where the sample is collected 
within a screened interval.  This variation in groundwater quality along the length of a well 
screen is likely due to a number of factors including: the nature of the source;  the proximity of 
the well to the source; the amount of heterogeneity of geologic material; and the nature of the 
contaminant.  Thus, low-flow sampling may produce sample results that are significantly 
different than values obtained with samples collected using bailers (which are more 
representitive of average concentrations along the well screen).  The variability in sample 
results introduced by using low-flow sampling methods must be accounted for when interpreting 
the sample results.  In some cases, samples collected using low-flow sampling techniques 
would be expected to be less representitive of average aquifer concentrations than those 
collected using bailer methods. 
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Passive Vapor Diffusion Sampling for Volatile Organic Compounds in a Bayou 
 
Tom Dragoo, Parsons, 1700 Broadway, Ste. 900, Denver, CO. 80290, Tel: 303-764-1953 
Fax: 303-831-8208 
John Hicks, Parsons, 1700 Broadway, Ste. 900, Denver, CO. 80290, Tel: 303-764-1941 
Fax: 303-831-8208 
John Tunks, Parsons, 1700 Broadway, Ste. 900, Denver, CO. 80290, Tel: 303-764-8740 
Fax: 303-831-8208 
Raphael Vazquez, AFCEE/ERT, 3207 Sidney Brooks, Brooks City-Base, TX  78235-5344 
Tel: 210-536-1431, Fax: 210-536-4330 
Joy Lozano, Booz•Allen & Hamilton, 700 North St. Mary’s St., Suite 700, San Antonio, TX 78205 
Tel:  210-536-4980, Fax: 210-536-3609   
 
Polyethylene-membrane passive vapor diffusion samplers (PVDSs) have been shown to be an 
effective and economical tool for detecting volatile organic compounds (VOCs) in bottom 
sediments of surface water bodies in areas of groundwater discharge.  PVDSs were buried in 
the bottom sediment of a bayou at the former England Air Force Base, Louisiana to assess 
whether groundwater contaminated with chlorinated aliphatic hydrocarbons was discharging to 
the Bayou.  A horizontal contaminant profile was developed by analyzing the resulting vapor 
samples for VOCs.  Details will include a general description of the technology and work 
performed, a summary of the PVDS results and insights gained into groundwater-surface water 
interactions at the study site, and a cost analysis. 
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Use of Innovative Packer Sampling and Geophysical Techniques for Groundwater and Bedrock 
Characterization 
 
Roger E. Huddleston, CH2M HILL, 8501 W. Higgins Rd., Suite 300, Chicago, IL  60631 
Tel:  773-693-3809, Fax: 414-454-8761 
Dakon Brodmerkel, CH2M HILL, 1700 Market Street, Suite 1600, Philadelphia, PA  19103 
Tel: 215-563-4244, Fax: 215-563-3828 
Andrew Judd, CH2M HILL, 99 Cherry Hill Rd. Suite 304, Parsippany, NJ 07054-1102 
Tel: 973-316-0159, Fax: 973-334-5847 
 
A fractured bedrock groundwater investigation was performed at a former chemical company 
site in Paterson, New Jersey facility between May and December 2002.  Site conditions were 
characterized using traditional rock coring and logging techniques, as well as more innovative 
packer sampling and geophysical tools.  Groundwater samples were collected at approximately 
20-foot intervals from 100 to 400 feet below ground surface using a custom-built triple-packer 
and transducer assembly.  The packer assembly was constructed such that the top and bottom 
packers inflated simultaneously, while the middle packer could be independently inflated.  By 
initially inflating the top and bottom packers, evacuating water from the sealed zone, inflating the 
middle packer, then initiating groundwater purging and sampling from the zone between the 
middle and bottom packers, the effects of leakage around the packers due to the high hydraulic 
head at depth was reduced, enabling greater confidence in groundwater quality results.  
Geologic formation characteristics were logged using natural gamma, fluid temperature, fluid 
resistivity, heat pulse flow meter (for vertical borehole flow measurements), high resolution 
acoustic televiewer, and optical televiewer tools.  In addition, a Model 40 GeoFlow horizontal 
heat pulse flow meter (provided and operated by K-V Associates, Inc., Mashpee, MA) was used 
to characterize horizontal gradient flow directions.  Based on these data, a conceptual model 
was developed indicating that the predominant horizontal groundwater flow occurred in two 
highly fractured zones at approximate depths of 90 to 120 and 285 to 310 feet below ground 
surface.  Between about 120 and 285 feet below ground surface, strong downward vertical 
gradients were observed, with negligible groundwater production.  At depths below about 310 
feet, no measurable groundwater flow was observed.  Results were used to select additional 
well locations and depths, which subsequently verified the gradient data indicated by the 
geophysical techniques. 
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Increasing the Accuracy of LNAPL Volume Determinations in the Subsurface 
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LNAPL observed in the subsurface is frequently thought of as a entirely separate fluid layer, 
detached from the groundwater.  A “pancake” conceptual model is often thought of where there 
is some saturation that is constant over the thickness of LNAPL measured in the well (bo).  In 
reality the average LNAPL saturation occurs far below 100%.  If assuming a case where the 
LNAPL has not been significantly smeared by the rising and falling of the water table, LNAPL 
often starts at low saturations 5%-28% at the oil/water interface, then peaking at 30-50% at the 
oil air interface and declining back to a residual oil saturation again 5%-28%. Below the oil/air 
interface total fluids are close to 100%.  Although it is believed some air can be trapped below.   
By analyzing representative core plugs for capillary pressure the actual oil saturation profile in 
the subsurface and a more, realistic original oil in place (OOIP) value can be obtained.  For a 
given bo, the specific yield value for LNAPL (Do) having units of (L3/L2), is estimated by 
integrating the corresponding saturation profile over the soil column instead of multiplying a 
constant saturation over the length of the product thickness measured.  Once the Do is known 
for several measured LNAPL thickness, a linear relationship can be obtained between Do and 
bo.  The linear relationship can then be used to determine the Do for any measured bo and the 
total OOIP for a plume can be estimated by integrating the Do over the plume area.  The 
presentation of three cross sections of monitoring wells in the subsurface will demonstrate the 
actual distribution of an LNAPL in the modeled subsurface.   
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A Practical Application of the Texas Risk Reduction Program at a DNAPL Contaminated Site 
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The recently promulgated Texas Risk Reduction Program (TRRP) is being used at a site to 
address DNAPL contamination in soil and groundwater.  TRRP is a three-tiered tool that 
enables contaminated sites to be characterized and closed in a defensible manner using human 
health and ecological considerations.  A fundamental step in processing sites under TRRP is 
delineation of the nature and extent of contamination to residential Assessment Levels.  At the 
DNAPL site, a combination of default and site-specific TRRP Assessment Levels were used to 
delineate the nature and extent of contamination.  Site-specific levels were calculated using 
TRRP equations and geotechnical data from site soil samples.  The complex geology of the site, 
unknown historical release sources, and TRRP’s affected property owner notification 
requirements, posed challenges to delineation.  These challenges were overcome by a 
combination of risk assessment and management techniques allowed under TRRP.  Delineation 
activities, exposure/risk assessment and its results, and possible remedial or “response” actions 
are being documented in a unique set of TRRP forms constituting an Affected Property 
Assessment Report.   Several TRRP-approved response actions are being contemplated to 
manage the groundwater contaminant plume at the site.  One such option is the Plume 
Management Zone.  Data are being collected to verify that the site meets the conditions in 
TRRP for a PMZ.  Upon completion of data collection, this response action will be implemented 
and its effectiveness monitored.  Regulatory closure will be sought upon successful 
demonstration of the PMZ.    
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Increased Accuracy of Site Assessment using Passive Soil Gas Technology. 
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Assessing sites for the presence of organic pollutants typically involves costly soil and/or ground 
water collection and analyses by one or more analytical methods.  Budgeting constraints can 
result in limited numbers of samples being analyzed and an increased possibility of missing 
source areas and plume extents. An alternate approach is the analysis of organic compounds in 
the vapor phase (soil gas) using passive soil gas technology. A cost-effective passive soil gas 
survey allows a denser profiling of a site resulting in a more accurate site characterization. A 
comprehensive soil gas survey can shift subsequent matrix sampling programs from 
assessment to confirmation.  This presentation will discuss an innovative and cost-effective 
passive soil gas technology along with case studies showing its success. 
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Design of a Lead Recovery System for Recreational Firing Ranges in New England 
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A pilot-scale gravity separation system was designed and constructed to recover lead shot from skeet 
and trap ranges operating in New England.  Recreational firing ranges in New England are typically 
located in mixed terrain settings.  Vegetation often varies widely throughout the range.  Shot is mixed with 
vegetation (grasses, shrubs, trees), vegetative debris (leaves, twigs, and other humic material), soil 
moisture, clay pigeons and heterogeneous soils.  Conditions change seasonally.  Site conditions present 
unique challenges to the cost efficient recovery of lead shot.  Recovery efficiency was found to depend on 
moisture content, load rate, soil type and mechanical settings of the separation unit.  System operating 
conditions were optimized to meet the stated design criterion: create a recycling stream of 95% lead by 
weight for soils collected from an active firing range.  An assessment of system performance addressed 
human health and exposures, worker safety, overall lead recovery efficiency and the economics of a full-
scaled operational unit.    
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Innovative RangeSafe Program Effectively Manages Lead at Small Arms Firing Ranges 
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The U.S. Army RangeSafe Particle Separation and Stabilization Technology Demonstration at Fort Dix, 
New Jersey involved a three-step process for the management of lead contaminated soil at small arms 
firing ranges (SAFRs):  (1) reduce the lead concentration in the impact berm soils at SAFR 25 to a 
maximum total soil lead concentration of 400 milligrams/kilogram (mg/kg) which meets the residential soil 
cleanup criteria of the New Jersey Department of Environmental Protection (NJ DEP); (2) stabilize the 
impact berm soils that fail to meet residential soil cleanup criteria after particulate lead removal so that the 
leachable lead content is no greater than five milligrams/liter (5 mg/L) as determined by the Toxicity 
Characteristic Leaching Procedure (TCLP), EPA Method 1311; and, (3) range maintenance activities to 
minimize the further accumulation of lead in berm soil.   
 
The particle separation step utilized modified placer mining or aggregate processing equipment for 
physical separation of lead particles and fragments from different soil size fractions.  The stabilization 
step was an integral part of the particle separation process, and utilized a soil additive that immobilized 
the ionic lead in the soil so that it was non-leachable.  This is the first application of a combined particle 
separation/stabilization process in treating soils from SAFR’s.  The range maintenance activities will 
subsequently use a mobile dry screening process to remove bullets and bullet fragments from the impact 
berm soil on a regular basis, thereby preventing accumulation of lead in the soil and subsequently 
reducing the potential for lead to corrode and leach into the environment.   
 
This paper includes a technology overview, and case study summary of the successful RangeSafe 
project, including a discussion of results, and lessons learned.  While the particle separation/stabilization 
process was demonstrated at a military facility, it also has potential application at industrial/brownfield 
sites contaminated with heavy metals. 
 
 
 
